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PKEFACE. 



The relative position of the engineer to the steam 
engine may be said, with some truth of compari- 
son, to be analogous to that of the medical man 
and his patient. Of all the details (so to speak) 
of the human body, the heart is the most impor- 
tant. The same may be said of the slide valve, 
in comparison with the remaining details of the 
engine. In either case the defective action of the 
heart or valve impedes the ^progress of the whole. 
The present work is intended by the author to 
enable the student and interested observer to 
clearly understand the use and action of the slide 
valve. The rules relating to the equilibrium slide 
valves have been carefully digested ; that portion 
relating to t^e "width of the large bar" is, per- 
haps, the most important. of all, while the sim- 
plicity is perfect. The delineation of the eccentric 
circle should he well -studied, it being remem- 
bered that from it the slide is proportioned. The 
angles assumed by the cranks at given grades of 
expansion are matters too often disregarded by 
the pupil and young engineer. It is not usually 
appreciated that the arc passed through deter- 
mines the lap of the valve. In no case whatever 



IV. 



should a valve be designed without first consider- 
ing the direction of the crank pin, and the 
amount of expansion required. The proportion 
of lap to width of opening or port can only be 
obtained by the means alluded to. The lead of 
the slide valve has been duly considered in this 
work. The author would impress that the true 
versed sine and radius of the arc of supply steam 
can only be attained, 5y noticing the lead. The time 
for supply, expansion, exhaustion, and compression 
has been fully explained, so that its value and 
defects will be apparent. The delineation of the 
crank circle has met with due attention, and will 
be found of utility in proving the actual consump- 
tion of the steam at each stroke of the piston. 

In the chapter relating to " General Observa- 
tions '' will be found hints worthy of notice. The 
proportions alluded to are deduced from the best 
results. 

The index will be found lucid and copious, so 
that the allusion made to any detail in requisition 
is rendered perceivable per se. 

The author has carefully avoided theorizing on 
the subject on which he treats; all his remarks 
have been deduced from practical demonstrations 
— assumptions have not been admitted — there- 
fore the data given will be found exact. 
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THE 

SLIDE YALYE PEACTICALLY CONSIDERED. 



CHAP. I. 

ANTECEDENTS OF THE SLIDE VALVE AND STEAM PORTS 
IN THE CYLINDER. 

The steam engine of the past and that of the 
present widely differ in the consumption of the 
fuel, or rather steam, per indicated horse power. 
Twenty years ago, eight to ten pounds of coal 
per actual horse power was deemed a good result, 
while in the present day two and a half pounds 
of coal per hprse power is considered but a fair 
attainment. This great reduction is due to two 
causes, — perfection of manufacture and arrange- 
ment, and the application of natural laws. 

The friction due to the surfaces in contact of all 
bodiies are alike in principle. The slide valve may 
be said to be a body moving on a given area, the 
pressure of the steam being the load on the same. 
An idea of the friction imposed can be attained by 
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multiplying the pressure of the steam per square 
inch by the area of the surface operated on. 
This result, multiplied by the co-efficient of mo- 
tion (the unguent being of course considered), 
will give the power required to move the valve 
when under full steam. Many ideas have been 
• promulgated and carried into effect to neutralize 
the action of the steam on the valve. Some of 
the means adopted are, — the valve is hollow 
centrally, or as a frame ; the surfaces at the back 
and face are equal, hence the friction is due only 
to those parts in contact. Adjustment is attained 
by a wedge-like division, a band and set studs 
being introduced to prevent lateral and longitu- 
dinal looseness. In another example, the action 
of the steam preserves the required amount of 
adjustment, so that the details in the former 
example are dispensed with. 

The lead of the slide valve greatly affects the 
lap of the valve, this can be understood by re-- 
membering that, when the crank is on the hori- 
zontal line, the valve is open, due to the lead 
required. The valve travels back to the extremity 
of its stroke, and forth to close the port, while the 
crank pin is traversing through a given arc. The 
grade of expansion attained, is due to the radius 
of the arc, passed through by the eccentric centre. 
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This is fully investigated and explained in the 
fourth chapter. The rule given for the outside 
lap, in page 43, does not consider the lead, should 
the latter be required to be introduced, the true 
versed sine of the eccentric arc of supply steam, 
veould equal width of the opening caused by the 
valve^ minus the lead. In some instances half 
the lead must only be deducted, while in other 
examples, the first rule alluded to is correct. 
This diversity is due to the length of the eccentric 
rods, and locality of the valve and gear, &c., allu- 
sion will now be made to each portion seriatim. 

The mode of setting out the steam ports has 
often been a mystery to the many and thus known 
only to the few. There is, however, no just cause 
for this inequality of information ; there is no rea- 
son why the fitter, who lines out the ports on the 
cylinder facing, or that for the valve, should not 
clearly understand the cause and eff'ect. Let it 
be supposed an engine is to be constructed, and 
the lap of the valve given, to cut off a given por- 
tion of the stroke; in most cases the fitter engaged 
thereon, or even, perhaps, the foreman, does not 
understand the reason, or rather natural cause, 
for the dimensions to be adhered to. Now, were 
this matter more often considered and the prac- 
tical observer initiated into the simplicity (not 
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mystery) of the action of the slide valve, doubts 
less a general improvement would be the result. 

Presuming that there are a few who may be 
ignorant of the true proportion of the ports in 
the cylinder, and the action of the slide valve on 
the same, therefore, a concise explanation will 
not be out of place. The ports in the cylinder 
are for two purposes — supply and exhausting the 
steam. Now it is obvious that the pressure of 
the steam, on entering the cylinder, is greater 
than when exhausting therefrom. The proportion 
of the supply port to that for the exhaust is not 
a fixed sum or rule ; as in all mechanical opera- 
tions, circumstances alter cases — suffice it to say 
that in the case of the ports the same must be 
observed. 

The area of the cylinder is the first considera- 
tion that engrosses the attentii»n of the designer. 
Now it may be said that there should be a fixed 
rule for this, but practice teaches that the pressure 
of the steam should be considered. Many high- 
pressure engines greatly diff'er in the diameter of 
the cylinders, area of the steam ports, &c. The 
cause for this variation is the difierent ideas on 
the subject. In some instances the 12-horse 
power in one county is only ten in the next, and 
vice versa. 
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Presuming that a fixed pressure of steam is 

observed, and speed of piston agreed on, the areas 

of the cylinder and ports are matters of simple 

calculation. Some engineers prefer the areas of 

the ports to be decided by a complex rule rather 

than allow the area of the port to be deduced 

firom a given number of square inches per nominal 

horse power. It must be understood that when 

expansion is required the cubic contents of the 

cylinder should be increased ; in order to attain 

this the area is enlarged. Now, were the port 

deduced from the said area, the same would be 

increased in proportion. Steam, under a given 

pressure and capacity, occupies a certain space ; 

should the latter be increased the former is 

decreased in proportion. It will be thus seen 

that the better formula for the area of the ports 

should be number of square inches agreed on X 

horse power nominal. Should a fixed rule be 

determined on for that of the cylinder, including 

a given pressure and speed of piston, a similar 

,^ , AX • J 1. area of cylinder. 

result can be attamed by, — --^ — r — 

•^ constant number. 

The author's extended experience in engines 
of all classes, embracing all the modem improve- 
ments by the best makers, enables him to give 
the following correct formula for the area of the 

B 
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opening or port caused by the valve for the supply 
steam : — 

High-pressure engines = H.P. X '6 to -5 sq. in. 
Condensing engines = „* X 1. to '75 „ 

To arrange the ports, after having determined 
the area, is first to determine the width and length. 
Th^ shape of the ports are always that of a 
parallelogram, hence the area divided by the 
length equals the width, and vice versa. It may 
not be out of place to state that the length of 
the port should be in proportion to the diameter 
of the cylinder. In setting out the ports, three 
important facts must be considered: — ratio of 
supply to exhaust, width of bar, and outside lap 
of the valve. The first is determined from the 
speed of the piston and pressure of the steam ; 
the second from the thickness of the metal of 
the cylinder ; and the last is du^ to the stroke of 
the engine, length of connecting rod, position of 
the valve in relation to the connecting rod, and 
the grade of expansion required ; indeed, it may 
be truthfully said that the outside lap of the valve 
is subservient also to design and arrangement — 
this will be better understood from future allu- 
sions and illustrations. The proportions herein 
given are taken from practice, and therefore may 
be relied on. 
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The present modes adopted for reducing the 
pressure on the back of the valve, are simply 
a ring encompassing a raised portion on the valve; 
a fitting projection on the inside of the case 
enables a perfect joint to be made ; and a com- 
munication with the condenser causes a vacuum 
at the back of the valve, in place of the pressure 
of the steam. For small valves, springs are used 
to assist the pressure, the area being small there 
is no cause to reduce the pressure at the back. 

The means for securing the valve rod to the 
valve are numerous ; some makers prefer a clip 
or ring, others adopt a screwed fixture ; a third 
will put the rod through the valve, while a fourth 
authority will make a solid T head to the rod, and 
fit the same in the valve. The best mode is to 
secure the rod into a loose nut of gun-metal, 
sufficient play being allowed for wear and re- 
pairs. In some instances two rods are adopted. 
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THE SUDE VALVE 



CHAP. 11. 

THE PROPORTION OP VALVES AND PORTS IN THE 
CYLINDER. COMMON AND EXHAUST RELIEF SLIDE 
VALVES. 






Slide valves of the present day are divided into 
three classes or kinds — common, exhaust relief, 
and equilibrium. It is now proposed to describe 
the two former. 

The common slide, Fig. 1, will be readily un- 
derstood by the diagram, as to its shape, &c. As, 




perhaps, it will not be out of place to give ex- 
amples for future reference, allusion will be 
made to the proportions of the valve relatively 
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to those of the ports of the cylinder. Let it be 
presumed that a valve, &c., is required for an 
engine of 65-horse power nominal, adapted for 
the screw propeller. Now, allowing 17*5 square 
inches per horse power, the cylinder would equal 
about 38in. in diameter, having a stroke of 2ft. 
The size of the steam port supply being gene- 
rally 1 square inch (in area) per horse power, 
the result would be 65 square inches. Thus far 
having determined this proportion, it now re- 
mains to decide the proportion of the ports, &c., 
not at a guess, but by correct data, certain for all 
dimensions or ratios. It will be noticed in the 
diagram. Fig. 2, that the slide, when at full 

F I G . 2. 




stroke, moves the full width of the port, 'hence 
the term common slide. Now, it is obvious that 
the area of the port being given, that same being 
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divided by its length, will produce the requisite 
width, which latter, in the present example, will 
be 2Jin., outside lap (presumed) l|in., inside lap 
^in. ; having thus far agreed, the following rules 
will supply what is required : — 

Width of bar = width of port X '5, but lin. as 
a minimum. 

Width of exhaust space in valve = width of 
port supply X l*5-j-half travel of the valve+width 
of bar, minus inside lap. 

Width of exhaust port in cylinder = width of 
bars minus inside laps, deducted from the width 
of exhaust space in the valve. 

Now, as the two last rules may seem a little 
confused, it will be well to explain their origin. 
The exhaust space in the valve is that part that 
allows the steam to escape into the waste port. 
It is the general practice that the area of the 
exhaust port should exceed that of the supply ; 
some engineers prefer supply 1, exhaust 2; others, 
the former 1, the latter 1-5. It is clear that 
when the valve is at full stroke, as in Fig. 2, one 
bar only is in question as to the area for the ex- 
haust ; the half travel of any valve, it is almost 
needless to say, is the outside lap, plus the width 
of the supply port ; thus it will be understood 
that the inside lap must be also taken into 
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consideration to produce the exact proportion, 
although it may be said this last is not of vital 
importance, yet to attain the correct result, it 
must be noticed. 

For explanation of the last rule. Fig. 1 will 
readily convey an idea of its origin and the truth 
of its composition ; the inside laps, it will be 
seen, determine the dimension required. Simple 
as this rule may appear, it is of as much impor- 
tance as those preceding it, more especially when 
requiring the width of the exhaust port by cal- 
culation in the absence of a diagram. 

It is not here presumed that there is any 
new formula given ; on the contrary, the author 
rather wonders that such a simple and correct 
mode of producing the proper proportions or dis- 
tances is not more often alluded to. Many young 
engineers of clear perception look on this por- 
tion of the data requisite for the steam engine 
as tlie most difficult of all ; but first determining 
tlie ratio of the length of the connecting rod to 
the stroke of the engine, and the grade to cut 
off the steam at, the remainder may be said to 
be a simple fact. Yet, withal, there is, per- 
haps, an atmosphere of mystery pervading the 
region alluded to, only to be dispelled by prac- 
tice and thought. It may as well be added that 



16 THE SLIDE VALVE 

the two proportions last mentioned will be re- 
verted to seriatim. Returning to the requisite 
dimensions for the example given, they will be 
found to be thus : — 

Let A = width of port supply. 
B = outside lap. 
C = inside lap. 
D= width of bar. 

E z= width of exhaust space in valve. 
F = width of exhaust port in cylinder. 
G = half travel of the valve. 

Then,A=|| = 2-5 

B = 2-5x-6= 1-5 

C = 125 

D= 10 

E=2-5x l-5+l-5+2-5+[l— 125]=8-625 
F = 8-625—[l-— -125X2]= . . 6*875 
G=2-6+l-5 = 40 

The above calculations, and the results, repre- 
sent the proportions of the valve and ports in 
Figs. 1 and 2. It may, perhaps, be well to add, 
that the formula given will be correct for any 
proportion, whether the valve is intended to cut 
off at one-quarter, three-eighths, one-half^ five- 
eights, three-fourths, or seven-eighths of the 
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stroke. Also the exhaust may bear any propor- 
tion to the supply, remembering, of course, to 
use the ratio required, rather than the one given 
at present. 

In Fig. 2, the valve, as before stated, is at full 
stroke. It will be seen also that the end of the 
valve overlaps or travels beyond the supply port 
(exhausting). This overlap will be found, in all 
cases, to equal the outside lap, minus that of the 
inside. Therefore, when the valve has closed the 
supply port, the exhaust will be open in width, 
equal to the outside lap minus inside lap. 

It needs scarcely be added, that when no inside 
lap is given, the outside lap regulates the excess 
of time (beyond that for the supply) for exhaust- 
ing. In the example now alluded to, the areas 
(from the supply ports) both for exhaust and 
supply, are equal; due, of course, to the slide 
travelling the entire width of the port. Now, to 
lessen the stroke of the valve would be to reduce 
the area for the entrSe of the steam, while that 
for the exhaust would not be affected, i.e., should 
the reduction of the half-stroke of the valve not 
exceed the overlap on the exhaust side in Fig. 2. 
To retain the area for the entrSe of steam — but 
increase that for the exhaust more in proportion 
than in the diagrams Figs. 1 and 2, but not to 
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exceed or reduce the stroke of the valve — the 
width of all the ports must be increased in pro- 
portion, hence the origin of the " exhaust relief 
valve." 

For the purpose of future comparison and illus- 
tration, it will be better to give the proportions 
and formula for this valve. Now, presuming an 
engine of the same power as the last example, 
and ratio of area for the supply steam to be 
equal, also the stroke of the valve — ^but allowing 
the area of the port to exceed that of the open- 
ing (caused by the stroke of valve) — the following 
result is obtained, viz. : — The exhaust side of the 
piston is less susceptible to the action of the 
steam, generally known as back pressure or 
"cushioning;" the explanation of this will be 
further alluded to hereafter. The following for- 
mula or data will now be in requisition before 
proceeding further : — 

Width of port = width of supply opening 
caused by valve X 1 "5. 

Width of exhaust opening caused by the valve 
= width of portX 1*5. 

Width of exhaust space in valve = width of 
port X 1*5 +half travel of the valve-|- width of 
bar minus inside lap. 

Width of exhaust port in cylinder = width of 
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bars minus inside laps deducted from the exhaust 
space in valve. 

Before making use of these rules, it will be 
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requisite (to prove their veracity,) to explain 
their origin. To begin with the rule for the 
width of the port, it will be seen that a constant 
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number is given. Now, it must be strictly un- 
derstood that this sum can be lessened or in- 
creased according to the discretion of the calcu- 
lator, the number given being compiled from 
the average of general practice. 

The second rule bears strict reference to the 
distance of the inside of the bar to that of the 
valve when at full stroke, as at Fig. 2, hence the 
increase of area or width of the exhaust port to 
that of the supply. The width of the exhaust 
space in valve is produced by a formula, as in the 
first example ; also the last rule now given is the 
same in composition. In Fig. 3 will be seen a 
diagram of a valve and ports arranged for the 
exhaust relief principle. The valve is entirely 
covering one supply port, or cutting off, while the 
exhaust side is partially open ; due, of course, to 
the arrangement before alluded to. In Fig. 4 
the valve is shown at full stroke. Now, on com- 
paring the widths of the ports (for the exhaust) 
in Figs. 2 and 4, the relative areas can be readily 
understood (the scale being the same throughout). 
It is, therefore, obvious that, while the valve is 
opening the port, for a given width as in Fig. 4, 
that for the exhaust is increased, the ratio being 
due to the discretion of the designer. Having 
thus briefly described the action of the valves 



PRACTICALLY CONSIDBRBD. 21 

Figs. 3 and 4, for the better purpose of practically 
proving these statements, attention will now be 
given to the calculations. As before stated, this 
valve is for engines of the same nominal horse- 
power as in the previous example. 

Then, let— 

A = width of opening caused by the slide. 

B = width of port supply. 

C = outside lap. 

D=: inside lap. 

E = width of bar. 

F = width of exhaust space in valve. 

G = width of exhaust port in cylinder. 

H=half travel of the valve. 

^'^ = 'i= 2-5 

B = 2-5xl-5= 3-75 

C = 2-5X -6= 1-5 

D= 125 

Ez= 10 

F= 3-75 Xl-5+2-5+[l-— -125] = 10-5 

G=10-5—[l— -125x2]= ■ . . 8-75 

H= 2-5+l-5= 4-0 

On referring to Fig. 4, the relative value of the 
above dimensions can be better understood. The 
supply opening is opened 2^in., but the port on 



22 THE SLIDB VALVE 

the opposite side is opened full or 3f in., and the 
distance from the inside of the bar to that of the 
valve will be 5|^in., or the width for finally ex- 
hausting ; thus it will be understood the ratios of 
the ports to each other, is as 1 to 1*5. Now this 
ratio is not imperative, 1 to 2, or 1 to 2^, or 1 
to 3, may be adopted, or as in Figs. 1 and 2, the 
ratios may be equal as far as regards the ports 
and openings. 

It will now be well to allude to the lead on the 
exhaust side. It should be understood that the 
only means of creating a perfect indicator dia- 
gram (the best mode yet known to indicate the 
action of the steam) is to cut ofi* suddenly and 
exhaust freely. Should the latter not be accom- 
plished the back pressure or extreme cushioning, 
before alluded to, will impede the action of the 
engine. It is, of course, well known that a lead 
on the steam side is often given, which will, to a 
certain extent, produce a cushion, or a round 
comer, so to speak, in the indicator diagram ; but 
when this is intentional, the evil may be said to 
be admissable. It will be seen, in Fig. 3, the 
lead of the exhaust is equal to the outside lap of 
the valve minus the inside lap. The same applies 
to Figs. 1 and 2, although not represented. It is, 
therefore, plain that the lead on exhaust side (in 
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the present rules) is due to the outside lap minus 
that of the inside. 

The adoption of the narrow bars is correct both 
in practice and theor}-, the friction being reduced 
in proportion to wide bars. The larger area also 
is maintained for exhausting the steam freely for 
a giyen length of valve, or stroke of the same. 
In Fig 1 the valve is represented at half stroke. 
Now, it can be readily understood that the valve 
has to move the remainder of the width of the 
bar (on the exhaust side) before the area of the 
exhaust port is contracted ; therefore, the steam 
can fairly exhaust at its greatest pressuie through 
the larger area, both pressuie and area being 
reduced proportionately, so to speak. 

With reference to the inside lap of the slide 
valve, its Aital intention is to ensure that the 
ports are covered on the exhaust side, so that no 
leakage can ensue when the valve is at half 
stroke. 
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CHAP. III. 

BQinLIBEIUM AND DOUBLE POBTBD VALVES. 

In the days that the side-lever engine rejoiced in 
being supreme, the slide valve was deemed neces- 
sary to have a stroke from 6in. to 24in., 18in. 
being the average for engines of considerable 
power. Now, it is obvious that, when two bodies 
are in contact, the longer the sliding motion im- 
parted is continued, the greater the friction; due, 
of course, to the surface in contact and pressure 
imposed ; but should the surface and the motion 
be reduced, the friction is likewise affected. 
Double beat valves have been adopted for slow- 
speed engines, but are not, as at present arranged, 
applicable for the marine engine of the present 
day. The common short slide valve, as previ- 
ously described, hew been long in use for engines 
of all powers and classes, but the friction, &a, 
has greatly tended to retard its general adoption 
— hence the introduction of the double ported 
valve, commonly known as the " equilibrium or 
gridiron " slide valve. The term equilibrium is 



PRACTICALLY CONSIDERED. 25 

due to the peculiar shape of the body part of the 
valve, the steam thereby being allowed to act 
on the external and internal portions at the same 
time, equally or unequally, as the form will 
admit. 

This arrangement is not entirely novel. It will 
be remembered, doubtless, by many, that the slide 
valves used for the old table and other engines 
were hollow between the faces ; the supply steam 
acting on the exterior portion, and the exhaust 
on the interior, thus causing an equalisation of 
the action of the steam, due to that portion it 
surrounded. The equilibrium slide valves of the 
present day are not much varied in principle, the 
difference being due, rather to proportion than 
design. 

Fig. 1 is a good example, properly propor- 
tioned, both for supply and exhaust relief. It 
will be readily understood that the stroke of this 
valve will be exactly half of that of the common 
slide ; due, of course, to the double ports in the 
place of single. Another great advantage in the 
reduction of the stroke of the valve for the same 
power is, in the proportions of the eccentric rods 
and links in a given space, particularly where 
direct action is imperative. The frictional sur- 
face is, perhaps, increased in the present example 
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as compared with that of the common kind ; but 
this evil is counteracted by the reduction of the 
stroke, and partial neutrality of the action of the 
steam on the valve. The valve (seen in Fig. 1) 
is at half stroke or covering all the ports. Fig. 2 
will be understood to illustrate this valve at full 
stroke; the supply steam is indicated by full 
line arrows, while that for the exhaust is repre- 
sented by the dotted kind, as in the preceding 
diagrams. 

The practical mode to ascertain the dimensions 
for a given valve has often been by diagrams, 
cutting and carving as the case may require. 
Now, presuming the absence of diagrams and the 
facility for producing any, calculations properly 
founded^ would produce a correct result, without 
fear of doubt as to the practical value of the 
dimensions attained. In order to prove the truth 
of this statement, presume that the diagrams 
on pages 26 and 27 illustrate a valve and ports 
for a cylinder of 50-horse power nominal. Let it 
be assumed that the width of the opening caused 
by the slide is lin., the outside lap to be (say) 
l^in., the inside lap to be ^in., and the width of the 
narrow, or inside bar, to be \\m. Having decided 
on these arbitrary dimensions, it next becomes 
needful to deduce the remaining proportions. 
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Now, for engines moving at high velocities, it is 
necessary that the exhaust should have a lead on 
the supply, which will, of course, as before stated, 
be due to the width of the outside lap, minus 
inside lap. The proportion of the ports supply 
to that for the openings is not imperative. The 
same may be said of the exhaust port in relation 
to that for the supply. Presuming the width of 
the latter to be 2in. each, the following formula 
will supply the desiderata. 

Width of exhaust space in valve = width of two 
ports supply Xl '5 +half travel of the valve-|- 
width of small bar, minus inside lap. 

Width of exhaust port in cylinder = width of 
small bars, minus inside laps deducted from the 
width of exhaust space in the valve. 

Width of large bar in cylinder = outside lap 
4-width of opening caused by valve+width of 
small bar-(-half travel of valve. 

To test the truth of these rules will be to dis- 
arrange all the proportions, but before entering 
into that subject it will be well to explain the 
reason for the present constant numbers. The 
width of the exhaust space in the valve (on re- 
ferring to Fig. 1) will be understood to be based 
on two fixed proportions, viz., ratio of the supply 
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ports to that for the exhaust, and the half travel 
of the valve. On referring to Fig. 2 it will be 
seen that one bar only affects the exhaust from 
the outside port, hence the allusion in the rule 
to one bar. The last portion of this rule may 
seem superfluous, but when a certain dimension, 
or rather proportion, is fixed upon, the inside lap 
must be considered. Another potent reason for 
its introduction is, that the valve, when at full 
stroke, partially covers the centre or exhaust port 
in the cylinder (see Fig. 2). It is, therefore, 
imperative to attain a correct or fixed ratio of 
supply to exhaust, to observe the whole of the 
formula given. 

The next rule, " width of exhaust port in the 
cylinder," is based on the result of the first 
formula. On referring to Fig. 1 this will be 
apparent, and the relationship readily understood. 
It will be better to add that narrow bars are not 
imperative, although now generally introduced; 
and that were wide bars used, the proportions 
last alluded to would be the same. 

The third rule now under notice is the width 
of the large bar. This dimension is the most 
important of all, as from or on it must be set out 
the openings, or ports and bars, in the valve. On 
referring to Fig. 1 this may seem a simple pro- 
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cess ; but in the absence of a diagram a correct 
formula is invaluable. 

To return to Fig. 1, it will perhaps assist the 
mind more readily in understanding the principles 
on which this formula is based. Now, let it be 
presumed that the valve is removed from the face 
of the cylinder, the plain surface will be, perhaps, 
perplexing, and the reasons for the fixed dimen- 
sions deemed dogmatical. On glancing at Fig. 2 
the truth will be explained. For example, the 
large bar in the present illustrations is 6|in. 
(deduced by the formula). In Fig. 1 the valve is 
at half stroke. Let it be presumed that the act 
of testing the truth of the dimension is in opera- 
tion. Commencing on the inside part of the 
bar, set off on it towards the outer side, or from 
the centre line, the outside lap. From this last 
point set out the width of opening caused by 
the valve ; next the width of the small bar — this 
last according to discretion. From this point set 
off the half travel of the valve, and the result 
will be the dimension alluded to. Thus far, 
having proved the basis of the formula for a given 
dimension and proportions, it may with justice 
be argued that, as only one example has been 
introduced, a doubt may still be allowable. To 
further demonstrate by different proportions 
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would at present be confasing, until those al- 
luded to are put in seriatim. 

Then, let— 

A = width of opening caused by the valve. 

B = outside lap of valve. ^ 

C = inside lap of valve. 

D=: width of port supply. 

E = narrow bar. 

F = half travel of the valve. 

G= width of exhaust space in the valve. 

H= width of exhaust port in the cylinder. 

I = width of large bar in the cylinder. 

Inches. 

Then A = (presumed) I 

B= . 1-5 

C= -0625 

D= 20 

E= 1-25 

F = 1+1-5 = 2-5 ^ 

G=2+2 X l-5+2-5+[l-25--0625]=9'6875 
H=9-6875— [1.25— -0625x2] =7-3125 
I = 1-5+1+1-25+2-5 = 6-25 

These calculations and their results bear strict 
reference to Figs. 1 and 2. It will be seen that 
(in Fig. 2) the exhaust passage in the valve is 
wider than the port supply, and also overlaps the 
same. Now, this ratio of passage to ports is par- 
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tially due to that of the half travel to the port. 
It will be well to add that the correct overlap 
(if any) can be known by F — [D+C]. 

As before stated, the proportion of the large 
bar is the most important. Further remarks may 
further assist elucidation. The overlap on the 
large bar will, of course, be equal to that already 
alluded to. The constant number given in the 
formula for the large bar is not a fixed sum. Any 
proportion of lap to the width of the port or 
opening, to cut off at a given stroke of the 
piston, can be maintained. It is almost needless 
to add that the overlap mil be increased in pro- 
portion also. For example, let it be presumed 
the value of inches. 

A= 1 

B= 3 

Czzi . 0-125 

D= 20 

F= 4-0 

Then the overlap = F—[D+C]zz= 1-875, in- 
creasing the large bar in correct proportion also. 
Now, as the two examples given are in propor- 
tion to each other, i.e,^ with an excess of overlap, 
and lead for the exhaust ; also the large bar ex- 
ceeds the total of A, B, C, D, and E ; due, of 
course, to the proportions decided on. 

D 
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Presume a valve to be proportioned so that 
there shall be no overlap, (but this is given for 
comparison only, not as a correct proportion). In 
order to make this more concise as well as prac- 
ticable in all cases, the following formula will 
greatly assist. Let F = D+CJ^ commencing then 
with this datum, let 

Inches. 

A= 1 

B= 10625 

C= 0-0626 

D= . • 20 

E= 1-25 

Then I = A+B+C+D+E = 5-375. 
Again, I = B+A+E+F = 5-375. 

By this it will be seen that the results are 
alike, thus proving the truth of the concise for- 
mula alluded to. It is well known that, in some 
cases, for practical reasons, the laps and leads of 
the valves now under notice are unequal, in order 
to preserve a correct action. To attain this the 
width of the steam supply and exhaust ports in 
the valves, as well as the large bars in the cylin- 
der, would be varied, but the formula here given 
would not be materially affected. 
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CHAP. IV. 

THE PROPER MODE OF ATTAINING THE CORRECT 
AMOUNT OF LAP. 

It is well known that the action of the steam 
(in the cylinder of an engine,) when cut off, is 
merely expansive ; also that the power exerted 
is in proportion to the pressure of the volume 
admitted, and the space occupied by the same. 
The indicator diagram imparts a fair, and, as far 
as mechanical contrivances will admit of, correct 
illustration of the power attained. The strictly 
correct shape of the expansion curve is patent to 
all, but the causes of the diversion from the true 
line are often a matter of controversy. Now, in 
the present day our marine engines work at high 
velocities, consequently the time allowed for the 
exhaustion of the steam should greatly exceed 
that of the supply. The outside lap of the slide 
valve, as at present arranged, regulates the cut 
off of the steam at a given part of the stroke of 
the piston. A slide without sufficient lap is con- 
ducive to a waste of steam ; hence the too often 
reduction of power in proportion to the fuel ex- 
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pended. Truthful as this is, yet the importance 
of the outside lap is too often disregarded, or 
treated in some instances as a matter of minor 
consideration, (let it be understood this remark 
is in allusion to the student rather than the adult 
members of the profession.) The author, some 
years ago, had the opportunity of repairing an 
engine, the slide valve of which had no lap (so 
to speak,) a fact which rendered clear the cause 
of the incapacity of the engine. On adding to 




the length of the valve the result was quite 
satisfactory. Not long since a similar result was 
attained by reducing or plugging the width of 
the ports' supply, the stroke of the valve being 
unalterable. Our Cornish engineers pride them- 
selves — and with justice, too— on the economical 
working of their engines. The valves usually 
adopted are the double-beat type ; but the secret 
of — or, rather, cause of — the gain in economy 
is in the shape of the cam that lifts or causes the 
motion of the valve. Now, in the case of the 
eccentric and the common slide, the motion of 
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the valve may be termed uniform, therefore the 
outside lap must be considered. 

The rules given by many authors for defining 
by calculation the amount of lap due to the 
grade and stroke of the engine are useful, and, 




no doubt, are of value to a certain extent. Rules, 
however, if complicated, cause mistrust, and in 
some instances create confusion of ideas or per- 
ception where none should exist. It must be 
understood that no guess work is allowable in 
science ; and in the case of producing the correct 
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lap, a diagram of the angle of the crank is 
required to ascertain the lap when the stroke of 
the valve is not given. It may, of course, be 
argued that a combination of figures properly 
dealt with must^ from natural laws, produce cor- 
rect results, irrespective of the complication of 
the formula used. It cannot be denied, how- 
ever, that simple diagrams greatly assist the stu- 
dent. Before proceeding further, it will be better 
to define the relative proportion of the circle 
commonly known as the travel of the valve. 




Let it be presumed that a given slide has a 
travel of 6in., width of each opening or port to 
equal lin., the outside lap will be half of the 
product or quotient, the ports being the divisor, 
and the travel the dividend. Then, from the 
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extremity of the circle denoting the travel, draw 
a line so that the areas of the segments shall be 
equal; from the points of contact set oflf the 
widths of the openings ; the distance between, or 
length on the line, will be the total lap of the 
valve, and a line drawn at right angles with the 
line of construction or plane line wiU further tend 
to pourtray the proportion of lap and port (see 
the diagram). It wiU thus be readily understood 
that from the first point of contact to that of the 
second, must be the width of the port or opening, 
and from thence to the centre line must be the 
lap. Thus far, having briefly described the prin- 
ciple of the circle due to the eccentric, allusion 
must be made to the ratio of the length of the 
connecting rod to the stroke of the engine. This 
ratio affects the lap of the slide valve, when the 
point of cutting off is determined. This is per- 
ceptible on referring to a table of sines, or cal- 
culating the same from or by the length of the 
chord and the radius of the arc, or length of the 
rod. It may be more clearly understood by the 
large diagram introduced on pages 36 and 37. 

This diagram is presumed to represent the 
centre lines of the angles of the crank and con- 
necting rod during different portions of the stroke 
of the piston. The ratio of the stroke to the rod 
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is as 1 is to 2*5, hence the length of the chords 
of the arcs, which last are seen in dotted lines. It 
will be apparent that the versed sine previously 
noticed imperatively determines the angle of the 
crank in strict proportion to the speed or action 
of the piston. In the diagram now alluded to, 
the stroke of the piston is divided into six equal 
parts, as is the plane or centre line of the crank's 
path to correspond. Now let it be assumed that 
the piston has moved the crank ^th of the 
stroke, which, for the purpose of calculation (the 
stroke) shall equal 24in., then y= 4in. It will 
be seen that the crank is at 1, presume the piston 
to have forced the crank to 5, the difference in 
the angles of the crank and length of the arc 
passed through will be perceptible. It must be 
borne in mind, however, that the speed of the 
piston must have been unequal, i.e.^ presuming 
the speed of the crank to be uniform on the arc 
of its travel or path. This, however, does not 
materially affect the mechanical arrangements of 
the engine, nor very little (if at all) lessens the 
power impressed on the piston. The length of 
the travel of the crank to that of the piston is, 
of course, due to the ratio between the circum- 
ference and the diameter of a circle. It may 
not be out of place to add that there is no rela- 
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tive value in the points of stoppage, so to speak, 
on the crank path to that of the piston ; neither 
will the distances between the points on the 
former be equal, the variation being due, of 
course, to the length of the rod and crank. The 
proportions of the lap of the valve next become 
worthy of comment. As before stated, many 
valuable rules have been given to determine the 
correct lap of a valve for a given purpose. Now, 
in most, if not in all these rules, the travel of 
the valve is mentioned ; which, in fact, is the 
most important feature of the formula. This is, 
of course, correct when the widths of the ports 
are not known, and the travel of the valve is 
assumed. Now the ports are generally deter- 
mined before the valve and gear is proportioned ; 
the rules, therefore, should be seriatum. 

For the better purpose of descriptive illustra- 
tion, let it be presumed that a pair of engines 
give unsatisfactory results, and it is agreed to alter 
the grade or cut-off of the valve — the steam or 
valve casing allowing an increase of stroke to a 
given extent ; then the travel of the valve should 
undoubtedly be first noticed, and new valve gear 
introduced. To exemplify again : assume a pair 
of engines to be designed, the steam to be cut off 
at a given part of the stroke, and a given width 

E 
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of ports imperative (which should be always first 
determined) ; the total travel of the valve could 
only be known, from or by the rule that the out- 
side lap, plus width of opening z= half travel of 
the valve. As before stated, the angle of the crank 
is of the most vital importance, and in no case 
whatever can a truthful travel of the valve be 
attained without taking it into consideration. To 
refer to the second diagram in this chapter, it will 
be remembered that allusion was made therein to 
the versed sine, which will be seen to equal the 
width of the steam port or opening. This fact is 
the only sound basis for a correct mathematical pro- 
blem or diagram that can give the required result. 
Now, let it be required to find the lap of valve to 
cut off" at one-sixth of the stroke of the piston ; 
first, find the angle of the crank ; next agree as 
to the width of the steam opening. The proper 
mode of proceeding further would be undoubtedly 
by calculation, but the diagram being, so far con- 
structed, and its relation to the value of the lap 
being imperative, a matter of simple geometry 
will prevent much confusion and doubt. There- 
fore find, mathematically, the radius of an arc, 
intersecting with the angle and plane lines of the 
crank (within its path); this intersection will 
determine a given length of chord. The versed 
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sine being given (with or without lead, as may 
be determined on), find if it agrees with that in the 
constructing diagram, presuming that the versed 
sines agree ; the outside lap of the valve=:radius 
of arc — ^versed sine. On referring to the first dia- 
gram this will be plainly understood ; as to the 
necessity of this statement it may be added that if 
the angle of the crank be more obtuse, the radius 
alluded to will be reduced, assuming the same 
versed sine to be maintained. An argument may 
be raised that, in the absence of diagrams, a 
formula should be given to attain a result equal 
to the diagram. Now, in practice, engineers pre- 
fer to set out all the motions of the details of 
the engine ; consequently, in the present case, a 
diagram answers every purpose better than a for- 
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mula. Having thus far briefly explained the 
principles of obtaining the outside lap, attention 
will be given to Figs. 1 to 5. 

The valve in Fig. 1 is intended to cut off* at 
one-sixth of the stroke of the piston, or when the 

£ 2 
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angle of the crank is at the point 1 (on the 
first diagram). The dotted lines in Fig. 1 (as in 
the remainder) refer to the width of the opening 
caused by the valve, hence, in all cases, the half 
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travel can be understood. The degree of expan- 
sion here given is perhaps rather higher than the 
general practice, hence the area of the cylinder 
is increased, the steam opening being reduced in 
width, but not in area, the length making good 
the requisition. Fig. 2 represents a valve and ports 




to cut off at one-third ; on referring to the dia- 
gram the point 2 defines the angle of the crank. 
The lap in this case, also the opening, are both 
varied in relation to those for Fig. 1, The next, 
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Fig. 3, illustrates a valve and ports arranged to 
cut ofi" at half-stroke, which is a good proportion, 
giving practical results. Refer to the diagram 
again, where the point 3 denotes the angle of 
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the crank. Fig. 4 is a valve and ports to cut 
off at two-thirds of the stroke. The angle of the 
crank can be seen, on noting the position of the 
point 4 in the diagram. Fig. 5 is introduced 
merely to illustrate the greatest extent steam 
should be cut off at. The openings in these 
three last examples are alike, hence the propor- 




tion of lap can be readily understood. In this 
last figure the valve cuts off at five-sixths of the 
stroke of the piston ; the angle of the crank can 
be seen on referring to the diagram. It must be 
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understood that the lead of the slide also regu- 
lates the travel of the valve. The angles for the 
eccentrics are determinable from or by the lead 
of the valve on the piston. The advance of the 
slide from the full stroke will then be equal to 
the width of the opening, minus lead. As this, 
however, may not be clear, the writer proposes to 
farther elucidate the formula alluded to. Let 
it be assumed that the opening caused by a valve 
equals one inch, and the lead one-eighth of an 
inch, then seven-eighths of an inch must he the 
(idvance of the valve from the full stroke when 
the piston is at the extremity of its path. 

Now, in order to make this still better un- 
derstood, the following compilation, from the 
author's " Pocket-book of Practical Rules for 
Land and Marine Engines and Boilers," will as- 
sist : — 

" The angle of the eccentrics in relation to that 
" of the crank will be thus produced : — 

" First. — Describe on the centre of the crank 
" shaft a circle equal to the travel of the slide 
" valve. 

" Secondly. — Draw the centre line of the crank 
" at full or half stroke. 

" Thirdly. — ^The intersection of the circle (de- 
" noting the travel of the valve) with that of the 
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" centre line of the crank is the starting point to 
" ascertain the angles of the eccentric. 

"Fourthly. — From the point of intersection 
" furthest from the crank set up a distance or 
" dimension equal to the width of supply steam 
" port or opening caused by the slide, minus lead 
" of slide. 

" Fifthly. — At the point where this distance in- 
" tersects with the centre line of the crank, draw a 
" line at right angles to it, the intersections of 
" which, on the circle, will be centres of the ec- 
" centrics. 

" Sixthly. — Lines drawn from the centre of the 
" cranks to the centres of the eccentrics will be 
*' the angles of the latter." 

It may as well be added that all the rules 
for the proportions of the valves and ports alluded 
to are compiled from the same work. 

The difference required in the outside laps of 
a valve is more practically determined by dia- 
grams than by calculation ; due, of course, to the 
angles and versed sines. One potent fact should 
not be neglected, viz., that the path of the crank 
is virtually that of the eccentric. Thus, the arc 
passed through by the craifk, at a given radius, must 
be that of the eccentric at the same radius, irres- 
pective of the angles or relative positions of either. 
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CHAP. V. 

THE EFFECT OF EXPANSION BY THE ACTION OF THE 
SLIDE VALVE. 

The economization of fuel is a matter of the 
highest importance to all, but more especially to 
the members of the commercial and scientific 
communities. The former gain in a pecuniary 
sense, and the latter in the further knowledge of 
natural laws. Now, to cause a reduction in the 
consumption of fuel, the evaporative powers of 
the boiler, and the mechanical arrangement of 
the engine must be well considered. 

The principle of the action of engines of the 
present day may be said to be the same through- 
out. The proper distribution of the steam is a 
mechanical operation, and the results, bad or 
good, due to the failure or perfection of the 
means employed. The machinery for ships has 
become gigantic, and, therefore, requires due 
attention. In our navy, and also our mercantile 
fleet, many of the pistons of the engines weigh 
over five and a half tons. An imaginary conclu- 
sion, therefore, of the power required can be 
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readily formed. Steam, being very elastic, natu- 
rally admits of great compression — hence the 
gain in working or using it expansively. It is 
universally known that, the greater the pressure, 
the power will be increased in proportion. Now, 
let it be presumed that steam is required for a 
cylinder at the rate of 100 cubic feet per stroke 
of the piston, at a given pressure throughout, 
thus imparting to the piston a certain power. It 
is obvious that the given quantity of steam must 
be evaporated in rotation from the boiler ; leak- 
ages, friction, reduced temperature, &c., being 
also considered. 

Let it be assumed, also, that a given quantity 
of fiiel is consumed in proportion to the power 
attained. Suppose it be deemed necessary to 
reduce the consumption of the fuel in the next 
example, or, rather, pair of engines. The first 
consideration of the improver — or, rather, the 
designer — would be, that the power must not be 
reduced. This, then, produces the idea that to 
increase the pressure of the steam, imperatively 
increases its elastic force. Thus, it is clear, that 
by increasing the pressure, a reduction in cubic 
contents of steam from the boiler is attained, 
requisite for each stroke of the piston ; and, con- 
quently, the evaporation required is lessened in 
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proportion. Now, it must be strictly understood 
that, to produce correct expansion, cubical capa- 
city in the cylinder must be observed. Thus, for 
example, a cylinder of a given capacity for a cer- 
tain pressure of steam throughout the stroke of 
the piston, must be enlarged in proportion to the 
requisite increase of pressure of the steam at 
the commencement of the stroke. To use steam 
economically is, to reduce the temperature of it 
as low as possible before it enters the condenser, 
and thus affect the time of condensation, pro- 
ducing thereby a better vacuum than if the tem- 
perature was higher. It should be remembered, 
also, that each volume of steam from the cylinder 
must be perfectly condensed before the succeeding 
volume enters. Having thus far briefly alluded 
to the principles of economy, let it be next con- 
sidered what is the assumed action of the steam 
while in cylinder, i.^., from the entrSe to the 
point of exhaustion. Presume the piston to be 
at full stroke, or at the top or bottom of the 
cylinder, the slide valve should have a lead, or be 
open for a given portion. Now it must be noticed 
that the steam was admitted in the cylinder before 
the piston had completed its stroke, consequently 
compression, and partial if not a total stoppage 
of the entrSe must have ensued. Trivial as this 
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may appear, yet in high velocities and full leads 
the indicator diagram shows a roimd corner, com- 
monly known as cushioning. The lead, however, 
must not be discarded, as it acts as a spring 
between the piston and the ends of the cylinder, 
a matter of great essentiality in short strokes, 
and, as before stated, high velocities. To return 
to the piston at full stroke, presume the crank to 
have passed the dead centre ; the steam will then 
act with force due to its admittance, so that it is 
not erroneous to assume that the greatest effect 
of the steam on the piston is, when the valve is 
at full stroke, or the port widest open for the 
supply. The piston, be it remembered, is now 
supposed to be exerting its utmost efforts ; due, 
of course, to the action of the steam. Presume 
the valve to return and close the port at a given 
point of the stroke of the piston. At this point 
expansion commences, the piston being propelled 
after that by the elasticity of the steam ; hence 
the gain in economy before alluded to. The time 
the steam is admitted into the cylinder is, while the 
valve is moving forth and back, or opening and 
closing the steam opening. The time the steam 
commences its actual propulsive power on the 
piston to that of its cut-off = width of opening 
X 2 — ^lead. The valve, when last alluded to, was 
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presumed to be at the edge of the port, expansion 
therefore being in full operation. Before the 
steam can exhaust, the valve must open the same 
port, but contrary in its action. The time ensu- 
ing between the point of cutting off the supply 
and the opening the port for the exhaust is, of 
course, due to the outside and inside laps. There- 
fore the time allowed for expansion = outside 
lap-j-inside lap. This will be better understood 
by presuming the valve to have no laps, it will 
then be obvious that if additional length be 
added to the valve, thgit increase must be observed. 
The time allowed for exhaustion is due to the 
speed or travel of the valve from a point to a 
point, or in principle as before stated for supply 
and expansion. Now, presuming the valve has 
covered the port, and travelled so that the inner 
part is at the inside edge of the port, it can 
readily be understood that exhaustion must ensue 
instanter with the action of the opening. The 
valve now moves foi-ward and backward for a 
given length, occupying thereby a certain time. 
If there was no lap inside, it is obvious that 
when the valve was at half stroke the time for 
exhaustion would be while the valve was opening 
and closing the port or opening, on the opposite 
end of the cylinder, outside lap being also con- 
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sidered. When there is an inside lap, the valve 
from the half stroke must move that sum or dis- 
tance before the exhaustion commences; the 
valve then moves back due to the distance as 
before stated, and forward the same less the 
inside lap. The formula for time of exhaustion, 
therefore, will be thus, outside lap-fwidth of 
opening caused by valve X 2. — [inside lap X 2.] 

By these formulae (time being considered) an 
almost perfect knowledge of the action of the 
steam can be attained, its elastic force and the 
volume consumed at each stroke of the piston 
known. There may be, perhaps, existing doubts 
as to the application of the rules now noticed, 
also their practical use ; a little further elucida- 
tion will, therefore, not be out of place. For 
example, presume an engine of 50-horse power 
nominal ; length of stroke, 2ft. ; diameter of cyl- 
inder, 47^in. ; utmost grade of expansion, -^ of the 
stroke. Let it be assumed the travel of the valve 
to be 9f in. unalterable. The cubic contents of 
the cylinder will be deduced in the usual form 
1800 X 24=43200 cubic contents in inches. The 

space occupied by the steam at |th= — - — = 

6 

7200, or 1800X4 = 7200. This, then, shows 

that the expansive powers of the steam must 
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emanate from a volume of steam whose capacity 
equals ^th of the total contents of the cylinder. 
Now the amount of expansion is, of course, due 
to the capacity occupied after the termination 
of the entree of the steam ; to define, therefore, 
the amount of expansion time and space must be 
duly considered. The piston in the present ex- 
ample is presumed to have moved 4in., or |th of 
the stroke. The valve has closed the port, and 
has to travel the outside lap-|-inside lap, until 
the steam is released from the cylinder. To ftir- 
ther demonstrate the present theory, time must 
be noticed. Let it be assumed that the engine, 
or rather the piston, moves at the rate of 160 
strokes per minute — two strokes, of , course, 
making a revolution. The valve, be it remem- 
bered, moves at the same speed, action only being 
now alluded to. Now, when the piston is at the 
extremity of its stroke, the valve has performed 
the major portion of its movement to the utmost 
point, and, consequently, in a given time moves 
in a contrary direction. The relative positions 
of the valve to the piston are due to the arcs 
passed through rotatively, each being the same 
in proportion. Circumferences of circles bear an 
equal relation to each other as their diameters ; 
due, of course, to the constant number used. 
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Thus, a circle 47fin. diameter equals 150*4in. in 
circumference ; a circle 9^in. in diameter equals 
31.02 in circumference. The proportion of the 

diameter will be as 1 is to 4 '84 ; then = 

4-84, proving thereby that the arcs passed through 
are the same in proportion lineally. To produce 
the amount of expansion by calculation, in the 
absence of diagrams, is a difficult matter perhaps, 
without accomplishing a correct result, due to 
the length of the connecting and eccentric rods, 
the versed sines of which bear strict reference to 
the action of the valve. It is, therefore, advisable 
to practically set out all the points of contact 
and requisition, in order to produce a perfect 
result. For example, when the piston is at full 
stroke, the eccentric is at a given angle, due to 
the viddth of opening or port and the lead deter- 
mined or decided on. Now the crank moves 
through a certain arc, and the eccentric virtually 
through the same^ or proportionately the same ; 
but the distance on the plane line is entirely 
different; due, of course, to the angle of the 
chords. In the case of the crank the chord is 
at an angle, but that for the valve may be termed 
almost perpendicular. It is not argued that cal- 
culation could not produce a correct result, but 
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rather that diagrams always assist elucidation. 

Expansion produces economy, and the lap and 
FIG, 3, lead of the valve, in propor- 

tion to the stroke of the en- 
gine, govern expansion. 

It has been stated that by 
the introduction of two ports 
in the place of one, a reduc- 
tion of one half of the travel 
is attained. Now, in order to 
still further reduce the stroke 
of the valve, three ports are 
sometimes adopted. It may be 
argued that by this arrange- 
ment the steam will be wire- 
drawn. In practice, however, 
this presumed evil is not appa- 
rent, and an almost perfect 
indicator diagram has been 
taken from cylinders fitted with 
three-ported valves. The il- 
lustration. Fig. 1, represents a 
valve arranged by Mr. C. Sells, 
chief draughtsman to the firm 
of Messrs. Maudslay, Sons, and 
Field. The valve is depicted 

at full stroke, hence the relative proportions of 

F 
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the means for the supply and exhaustion can be 
readily understood. Valves, thus designed, have 
been fitted to many vessels with good results, 
in fact almost equal to the most perfect expansion 
valve and gear. 

The illustration, Fig. 2, represents a slide valve 
and casing, as designed and constructed by the 
firm of Messrs. J. and G. Rennie. This example 
is perhaps the most graceful sectional form that 
can be conceived. The illustration being com- 
plete, further description will be superfluous. 
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CHAP. VI. 

THE DELINEATION OF THE PATH OP THE CRANK PIN. 

The motion imparted to the slide valve is 
generally derived from two principles of action* 
— vibratory and rotary. Now, when the former 
is the prime mover, the speed of the valve is the 
same throughout the stroke, or rather, if the mo- 
tion is imparted by the piston, the motion of it 
and the valve would be equal. Kotary motion 
is more often adopted than any other for the 
transmission of power and action, and to the pre- 
sent day the small cranks and circular eccentrics 
are the prevailing means employed to impart the 
motion required for the slide valve. The speed 
of the crank and the eccentric are proportion- 
ately the same in theory and practice. The length 
of the connecting rod in all examples of rotary 
motion regulates the inequality of the speed of 
the sliding body ; it must be remembered, how- 
ever, that a reciprocity of motion can be attained 
by correct distribution of detail. 

Before proceeding further with the definition 
of the better arrangement it will not be out of 
place to define the relation of the path of the 

p2 . 
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crank to the sliding motion imparted to the valve, 
also the controlment of the steam. It is doubt- 
less universally known that, virtually, the crank 
path is divided into four distinct parts, also that 
for the eccentric. The proportions of these di- 
visions are practically regulated by the grade of 
expansion agreed on to be maintained. Fig. 1 
represents a crauk path, the chords indicating the 
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divisional points, the relative proportion is there- 
fore, readily understood. No. 1 is the chord of 
supply. No. 2 that for expansion, No. 3 relates to 
exhaustion, and No. 4 represents neutrality, or 
that portion of the stroke of the piston when the 
port on the exhaust side is covered, often termed 
compression, consequently, the piston for a pe- 
riod is devoid of pressure or vacuum. The length 
of the chord 1 is due to two causes, the grade of 
expansion and the length of the connecting rod. 
It will be noticed th^t the chord at the plane line 
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intersects with the circle slightly below the same, 
this last intersection is the angle that the crank as- 
sumes when the slide valve commences to open the 
port, and the vertical distance from the intersec- 
tion to the plane line is due to the lead required. 
The upper point of intersection, as before ex- 
plained, is subject to the curve assumed by the 
connecting rod from a point, or distance, on the 
plane line to the circle of the crank path. The 
length of chord No. 2 is regulated by the inside 
and outside laps of the slide valve. The expan- 
sion of the steam is now in full operation, and is 
released by the opening of the port on the ex- 
haust side, hence the intersection of the chord at 
No. 3. The length of the last mentioned chord 
is more than any other, due to the traverse of the 
valve, or the time occupied in opening and closing 
the port for exhaustion. Now in the case of an 
increase of supply steam, the time for expansion 
and exhaustion would be lessened in proportion, 
it being remembered that the circle described by 
the crank pin cannot be increased or decreasled 
for a given length of stroke of piston. The cir- 
cle, as before stated, is divided into four divisions, 
and the alteration in the grade of expansion or 
length of connecting rod affects the whole propor- 
tionately. The concluding chord, No. 4, repre- 
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sents neutrality, or as before stated, that portion 
of the stroke of the piston where the vacuum and 
steam is cut off for a given period, commonly 
known as compression. It will be remembered 
that the chord of expansion is due to the out^ 
side and inside laps, ^.^., when the valve is at the 
edge of the supply side of the port, the valve has 
to travel forth until the inside edge permits ex- 
haustion or destroys expansion. The valve is 
now at half stroke, plus inside lap ; exhaustion, 
therefore, must ensue until the valve is in the 
game position, but travelling in a reverse direc- 
tion. The position of the valve when terminating 
exhaustion will be half stroke, minus inside lap. 
It can thus be clearly understood that the length 
of chords for expansion, and that for compression, 
are equal in the example given ; it may also be 
added that any variation in these two chords will 
depend on various causes, such as unequal laps 
and leads, &c., &c., but with certain arrange- 
ments both are equal. The fact of the compres- 
sion being the same as the expansion, is of no 
vital importance; it is certain there would be 
a gain in maintaining expansion longer, and 
exhausting, till the supply commenced, and thus 
dispensing with compression ; but the present 
motion of the slide valve would have to be dis- 
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carded, as an extreme unequal action would have 
to be attained. 

The proportions of the path of the crank pin 
can thus be clearly understood. As at present 
arranged — compression, supply, and exhaustion, 
form one portion of the circle, and the remainder 
is occupied by exhaustion, the latter predomi- 
nating. The diagram given relates to one revo- 
lution of the crank only, it being well known 
that eacn in principle is alike. There is, how- 
ever a slight variation in practice, due to the 
versed sines of the rods, and inequality of the 
length of arcs passed through, in proportion to 
the propelling or sliding motion attained. The 
arrangement of the slide valves, in relation to that 
of the connecting rod, should be considered as' 
to the attainment of equal action. The versed 
sines of the chords of the arc passed through 
by the crank pin, at each angle of the stroke, for 
a given supply of steam are unequal, also that 
for the eccentric, when the slide is at the same 
side of the crank as the connecting rod. This 
can be counteracted to a certain extent by short 
eccentric rods, and levers, reverse in action, and 
located to compensate for the inequality of the 
speed of the circular and sliding motions, the 
attainment of which being of great importance. 
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Fig. 2, represents the circle described by the 
crank pin for a given stroke of piston. The 
plane line is presumed to be the centre of the 
the engine, and the larger dotted arcs represent 
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an even grade of expansion, on each side of the 
piston or at each stroke. Now it will be seen 
that on the crank (represented by the thick 
* lines,) moving from the plane to the intersection 
at A, a given length of stroke of piston is pro- 
duced, due, of course to the radius of the larger 
dotted arc. On the crank reaching to the inter- 
section at B, the grade of expansion is reversed 
in action, but the same distance from the end of 
the stroke retained. Now, the difference in the 
lengths of the arcs passed through are due to the 
length of the dotted arcs, the radii of which are 
the connecting rod. The smaller circle a de- 
notes the travel of the valve or the path of the 
centre of formation of the eccentric. The dotted 
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arc indicates the distance the valve must be from 
the edge of the port, when the piston is at full 
stroke, hence the angle or advance of the eccentric 
to that of the crank when on the horizontal line. 
When the crank is at A, the eccentric has passed 
through an arc equal in length proportionately. 
The two dots on the circle opposite the dotted 
arc indicate the angles of the eccentric when the 
crank is at the plane line and at B. Now it will 
be readily seen that the space between the dots 
is less than that of the intersections opposite ; 
also the versed sine reduced. It is obvious that 
an unequal grade of expansion must ensue on 
the side of the circle at B, i.e., if the laps of the 
valve are equal. It must also be remembered 
that, to increase the lap and retain the previous 
stroke of the valve is to destroy the lead ; hence, 
the slight variation in the time, for supply steam 
at each stroke of the piston may be said to be 
endured rather than introduce a worse evil. 

It is not here intimated that perfection of me- 
chanism should not be attained, but rather to 
delineate and describe that most universal. The 
diagram now under question, illustrates the prin- 
ciple of the action of the crank and eccentric with 
the valve located on the same side of the crank 
shaft as the connecting rod, direct action in each 
case being maintained. It will be seen that the 
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arcs are all struck by the radii on the same side 
of the perpendicular line, hence the variation 
above alluded to. Now in order to counteract, 
or rather obviate, the imperfections now under 
notice, the versed sines of the chords indicating 
the partial stroke of the valve, must be equal on 

F I G 3. 




each side of the perpendicular line. Fig. 3, re- 
presents a crank pin path, and that of the eccen- 
tric, to cut off at the same grade of expansion 
as Fig. 2. In the present case the arcs passed 
through are reversed to that of the former, the 
piston presumed to be moving in the same direc- 
tion, but the locality of the connecting rod oppo- 
site to that of the slide valve. It will be noticed 
that the diameters of the eccentric paths are im- 
equal ; this inequality is due to the variation in 
the arc of the crank pin's passage during the for- 
ward and backward grades of expansion. When 
the crank has moved from the plane line to C, 
the eccentric has passed through an equal ^urc, 
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and the same relative motion occurs from the 
horizontal line to D. Now the length of the 
intersection at b can be seen, in proportion to 
that between the dots in the circle opposite. 
Suffice it to say, the nearer these two intersections 
agree in length or space between the same, the 
less variation will ensue in the grades of expan- 
sion at each double stroke of the piston. It will 
be remembered that the position of the pistons 
in Figs. 1, 2, and 3, are presumed to be alike ; 
also the direction of the movement. It may as 
well be added that on reversing the action of the 
pistons, the travel of the valves would be effected. 
In some instances the greater travel of the valve 
is preferred, due to the causes alluded to. To at- 
tain a correct action for the slide valve, would be, 
to introduce cam motion, but the complication, 
and wear and tear, subject to high velocities often 
tend to discard the idea. Mitre gearing has been 
adopted with a cam on the motion shaft. This 
arrangement deserves more attention than the 
cam on the crank shaft, although complication 
may be said thereby to predominate. With steel 
cams and rods and perfect lubrication, there is no 
reason to doubt the durability of the same. The 
vital difficulty to overcome, is a perfect means of 
starting, stopping, and reversing. 
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CHAP. VII. 

GENERAL OBSERVATIONS. 



The preceding chapters have dealt with the 
dimensions to be attained, the cause and effect 
of the same, which of course are the primary 
considerations. The arrangement of the ports 
beyond the valve facing has not been alluded to, 
therefore, a few hints will not be out of place. 
Having determined the dimensions to be adhered 
to, the line of the valve facing should be first 
drawn, — a line at right angles will denote the 
centre of the exhaust port. Should a rib be re- 
quired, half the width of the exhaust port will 
commence on each side of the same, a good pro- 
portion for which is, thickness of rib equals thick- 
ness of cylinder, a fitting strip being provided on 
each side. Presuming the width of the exhaust 
port to be drawn, the inside or narrow bar must 
next be depicted. Thus far having proceeded, 
the width of the supply port should be shewn. 
This completes the setting out of the ports for 
the ordinary single ported slide valve. Should 
the equilibrium type be required, the same pro- 
cess of construction as before, must be resorted 
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to. Having thus far proceeded, the large bar is 
added, after which the width of the port supply. 
The raised face beyond the port, need not be 
much wider than the narrow bar, for the just 
cause, that if the latter be sufficiently wide to 
render the valve connection steam tight, an in- 
crease of surface will be superfluous. Another 
reason is, that the least amount of surface in 
contact with the valve, the more perfect the 
connection, and the less the friction. Having 
thus far settled the proportions and representa- 
tions of the* same, set off the lap of the valve be- 
yond the port, from this last point, the half travel 
plus the clearance, which will represent the com- 
mencement of the valve or steam casing. The 
width of the flange will depend on the diameter 
of the stud or bolt used, for which a good 
proportion is, half an inch to seven-eighths of 
an inch in diameter, and the pitch of the bolts 
eight times the diameter. The termination of 
the ports in the cylinder, is due to the length of 
the stroke and the depth of the piston, which 
will decide the distance between the ports, where 
entering the cylinder at the top and bottom. In 
some cases the piston is allowed to pass beyond or 
slightly cover the ports at each end of the stroke, 
so that the wearing surface may be equal through- 
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out. One important fact should be-attended to, i.e.^ 
the ports at the valve facing should have fitting 
strips on all sides. This matter is too often dis- 
regarded; it is generally overlooked that the 
fitting or shaping of the ports can be accom- 
plished with greater facility, when provisions are 
introduced than when the same are absent. For 
oscillating engines, the setting out of the ports 
is much as that last described, but an additional 
supply port is introduced at right angles with 
those ordinarily arranged. This last mentioned 
port communicates with the steam passage, lead- 
ing from the supply trunnion, that for the exhaust 
being oppositely located. In designing, or rather 
arranging the flange for the valve casing, it 
should be remembered that the same level must 
be retained on all sides, both for the better 
means of planing and making a perfect joint. 
In setting out the steam passages, care must be 
taken to increase rather than decrease the di- 
mensions, those for the ports being now alluded 
to. Should the area of the passage (by accident 
or carelessness of design) be less than that of the 
port on the face, the latter is virtually reduced 
to the same size as the passage. 

The proper means of ascertaining the depth of 
the valve wiU be to consider the width of the sup- 
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ply port allowed for exhaustion. In some instances 
an increase is deemed necessary to allow a more 
free exhaust, but in practice the width of the 
port is the vital p^jrt, as through it the exhaust 
steam must pass before it reaches the final or 
centre exhaust port. The areas of the steam side 
openings, in equilibrium valves, must each equal 
half the area of one steam opening caused by 
the valve. By this proportion it will be under- 
stood that sufficient steam can enter the openings 
in the valve, on each side of the same. In some 
examples these openings are contracted towards 
the centre, which may be said to be correct, as 
it allows a larger exhaust above the openings 
alluded to. The depth of the valve above the 
metal of the openings should equal the width of 
the supply port in the cylinder. The longitudinal 
distance between the steam openings in the valve, 
is due to the travel of the same, which must be 
duly considered to attain a correct action. 

The steam passages of large cylinders are 
strengthened by ribs in a line with the cylinder, 
commencing at the valve facing and terminating 
with the passage itself These ribs must be 
equally disposed ; should two be used, the length 
of the port should be divided into three equal 
portions ; if one rib be required, two divisions 
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will only be requisite. It is not imperative that 
the edges of the ribs should be on a level with 
the valve facing, but rather on a level with the 
lower edge of the fitting strip, which will be 
better both for planing and fitting. When the 
valve facing is at an increased distance from the 
cylinder, the ports should be arranged as before 
mentioned, but the passages as direct as possible, 
or at an angle rather than in a line with the body 
of the cylinder. The position of the valve on 
the cylinder for horizontal engines will, of course, 
greatly affect the friction. Should the locality 
be the top of the cylinder, the fricton will be 
greatest ; if at the bottom or the underside, the 
least ; and if at the side of the cylinder, a happy 
medium will be maintained. This last mentioned 
position is most universal, due, of course, to the 
cause alluded to ; and also as the best means of 
access for repair and renewal of the surfaces. 
Large valves have a guide at the bottom side, to 
prevent a lateral strain on the rod. 

It will doubtless have been noticed that, at the 
conclusion of the first chapter, allusion was made 
to the means generally adopted for reducing the 
friction on the valve facing, caused by the pressure 
of the steam acting on the back. It is now pro- 
posed to farther treat of this important portion of 



PEACTICALLY CONSIDERED. 73 

the present subject, so that the better means 
may be fully appreciated. With the springs and 
recessed ring, adjustment is only available by 
entire disarrangement, but with good workman- 
ship and careful treatment it may, nevertheless, 
be deemed admissable. In order to admit of 
ready adjustment, without disarrangement, the 
ring encompasses the hollow projection at the 
back of the valve, instead of being recessed in the 
same ; four to eight studs, with collars bearing 
under the ring, act as a means of adjustment. 
The said studs are prolonged through the provi- 
sions on the ring, and screwed into bosses at the 
sides of the valve. Access is separate to each 
stud by provisions arranged on the casing cover. 
A separate ring, contained in that first mentioned, 
acts against the inside of the cover, and thus pre- 
vents the action of the steam on the back of the 
valve. In some instances gasket is used between 
the two rings, but with super-heated steam, un- 
doubtedly springs of a spiral or wave-like form 
are better. In the place of the ring encompassing 
the projection on the valve, or being recessed in 
the same, some authorities prefer the ring to be 
recessed in the cover, which also, of course, ac- 
complishes the desideratum. Seepage 57, Fig. 2. 
A central communication with the exhaust 

G 
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steam pipe or the condenser, causes a vacuum 
within the ring surface, and thus reduces the fric- 
tion on the valve facing. Stop cocks are provided 
and sometimes fitted in the cover of the casing, 
so that a plain external is maintained. 

The modes of securing the rod in or to the 
valve are not much varied, in some cases the rod 
passes through the valve, and is secured at each end 
of the same by nuts, and thus attain adjustment; 
also another mode is, to recess a nut in the front 
part of the valve, and screw the rod in the same ; 
this is the best connection yet introduced, a fact 
aUuded to in the first chapter. Two rods to each 
valve are now becoming more universal, but the 
mode of connection is the same as the last men- 
tioned. The stuffing box and gland for the rod 
should be properly considered ; a good proportion 
for the diameter of the stuffing box is, diameter 
of rod X 1*5. Depth of stuffing box = diameter 
of the same X '6 to -5, while in some examples 
the depth will be found to equal the diameter. 
The depth of the gland is not of much impor- 
tance, but a good proportion is attained by depth 
of stuffing box X '75 to -6. The diameter of the 
studs for adjusting the gland is not imperative, 
half an inch to three-quarters of an inch being 
often adopted, two studs only being used. The 
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thickness of the flange of the gland generally 
equals the diameter of the bolt. With reference 
to the position of the securing flange of the 
casing, some makers prefer an outside connec- 
tion, while others adopt an inside flange. If ex- 
ternal appearance be considered as worthy of no- 
tice, the latter is the better. The cover of the 
casing should be ribbed either inside or outside, 
the latter being the most simple, while the for- 
med presents the better exterior. See Fig. 2, 
page 57. Having thus far duly considered the 
best mode of designing the slide valve, steam 
ports, and casing, allusion will now be made to 
the strains imposed by the steam. The casing, 
be it remembered, may be termed a box, within 
which a certain force is exerted. Now, on the 
steam being admitted, each portion is operated 
on by the same. The flanges are secured by the 
studs, hence the latter are subject to a tensile 
strain. The sides and ends of the casing are sub- 
ject to a tensile and lateral or bulging strain, 
the former predominating. The cover and front 
portion of the casing are exposed to the greater 
effect of the pressure within the same, due, of 
course, to the surface exposed, hence the cause 
for ribs, &c. The action of the steam on the 
valve is greatly counteracted by the curved form 

g2 
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it generally assumes, hence the thickness of the 
metal may be considerably less than that for the 
casing. A good proportion is three-eighths to 
three-quarters of an inch for the thickness of 
the body part of the valve, and five-eighths to 
seven-eighths of an inch for the body part of 
the casing. The flanges in each case should be 
slightly thicker than the body part. The thick- 
ness of the ribs should be less than that of the 
body as the former are not subject to the full 
pressure of the steam. 

In designing the slide valve, whether the ordi- 
nary or equilibrium kind, strict attention should 
be given to the speed of the piston, pressure of 
the steam, grade of expansion, length of the 
connecting rod, lead of valve on the piston, &c., 
matters which have been explained in detail. The 
only excuse for again reverting to these important 
facts is, to impress on the non-conversant, that, of 
all the details of the steam engine, the most 
important is the "Slide Valve." 
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INCLUDING 

The Process of Producing Sugar from the Cane, Refining 
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The Practical Mode of Designing, Manufacturing and. Erect- 
ing the Machinery, together with Rules for the Propor- 
tion and Estimates. 

lUvstrated by four single and twelve large folding plates. 



PRACTICAL ILLUSTRATIONS OF 

LAND AND MARINE ENGINES, 

Showing in Detail the Modem Improvements in High and 
Low Pressure, Surface Condensation, Super-heating, 
together with Land and Marine Boilers. 
Illustrated by twenty plates. 
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Screw Propulsion. 
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TKEATISE ON SUGAR MACHINEKY. 

" A thoroughly practical work," — Indian Mail. 

" This hook will let the planter, sugar merchant, sugar haker, 
and working engineer, into considerahle information, for it is 
the only one on sugar making which can advance any preten- 
sions to a practical character. This is aU the more to he prized, 
because heretofore it has been nearly inaccessible. The great 
value of Mr. Burgh's book lies especially in the drawings.'- — 
Engineer, December 18M, 1863. 

" The silence has been broken at last, the Eleusinian veil 
torn down, and the mechanical secrets of sugar refining re- 
vealed, in all their naked simplicity, to the public ; and this, 
too, by a gentleman who has apparently had an extended ex- 
perience, both home and colonial, in those matters of which 
he treats. We doubt if a book has been published of late, 
which will be read with more interest than Mr. Burgh's 
" Treatise on Sugar Machinery." It forms a complete text- 
book to what we may term an occult art, and it therefore pos- 
sesses an exceptional value, which cannot fail of appreciation. 
Everything described is of the latest and most improved con- 
struction." — The Mechanics' Magazine, December 24th, 1863. 

" The work is amply illustrated by sixteen well-executed 
plates i and it cannot be doubted that the perusal of the work 
by those connected with the trade will well repay them, by 
enabling them to adopt the most economic arrangement of the 
machinery and apparatus." — Mining Journal, Dec, 26th, 1863. 

'* This is the most valuable work on a subject on which but 
little has hitherto been published. The manufacture of sugar 



machinery in this oonntry rests in a very few hands, and there 
has been a disposition to withhold rather than to furnish any 
information to the public, unless it were some specific inquiry 
as to the cost of parts of machinery. Mr. Burgh's work comes, 
therefore, most opportunely, looking at the high prices of 
sugar, and the steady extension of cultivation in the East and 
West Indies, the Mauritius, Natal, Brazil, and other quarters. 
It treats of the processes of producing sugar from the cane, and 
refining moist and loaf sugar, home and colonial, as well as 
the practical mode of designing, manufacturing, and erecting 
the machinery, together with rules for the proportions and 
estimates. Mr. Burgh's work wiU be equally valuable to the 
producers and refiners on the continent, as to the sugar plan- 
ters of the two Indies, Natal, and Louisiana, and the refiners 
of New South Wales, Victoria, and America. The whole get- 
ting-up of the work is admirable, and will command for it a 
ready sale in all quarters interested in sugar production." — 
Technologist i January, 1864. 

" The author deserves great credit for the excellent book he 
has made. The illustrative plates are well got up, and the 
textual matter is of a very practical character. We believe 
the publication of Mr. Burgh's book wiU serve the purpose for 
which it was designed." — Artizan, February Ist, 1864. 



PKACTICAL ILLUSTRATIONS OP LAND AND 
MARINE ENGINES, &c. 

" We feel disposed to award a due meed of praise to every at- 
tempt to satisfy the existing want of instruction outside of, and 
in addition to, that which may be learned in the erecting shop 
or at the bench. Mr. Burgh has tried with considerable suc- 
cess to satisfy this want by laying before the student a great 
folio of practical examples of the most approved systems of 
construction, in the shape of a series of drawings beautifully 
executed, and worked out with extraordinary care to the 
minutest details. The great merit of these plates consists in 
the fact that they are actual working drawings, from which any 



engineer of moderate ability could find no diflSculty in con- 
structing the perfect machine. Mr. Burgh has picked from 
the best designs the best combinations of mechanism. A slide 
from one firm, a condenser from another, valve gear from a 
third ; and from these materials, good in themselves, he has 
produced very satisfactory results. In the work of selection 
he has shown skill and experience ; in that of combination, 
talent. Nothing more can be fairly demanded from those 
who profess to instruct the public. The book, as a whole, is 
thoroughly good, and we feel pleasure in bearing testimony 
to its merits." — Engineer, January 20th, 1865. 

" We presume that the excellent lithographs now laid be- 
fore the public are in every respect fac-similes of the original 
drawings, and we feel no hesitation in pronouncing them, as 
drawings, thoroughly good in every respect. We cheerfully 
bestow on the book a due meed of qualified praise ; and we 
believe that the student will find it very well worth its price 
— if for nothing else, then to teach him how work is put toge- 
ther in the present day." — Mechanic's Magazine, September 
16th, 1864. 

" In very many respects we view this as the most merito- 
rious work of practical illustration of steam engine construc- 
tion that has appeared for some years in Great Britain. The 
author appears to have relied, and not unwarrantably, upon 
the clearness and perfection of his drawings being such that 
anything of prolix description might be dispensed with. The 
drawings are indeed truly excellent, and models of what 
good working drawings ought to be. There are many points 
of detail in the designs embraced in the work, from which 
the most experienced practical steam engineer may derive 
valuable suggestions. All the designs produced are quite up 
to the most advanced point of the day. Super-heating, sur- 
face condensation, variable expansion, &c., &c., are aU here 
produced with more or less of original merits in the details or 
parts of details. Besides the direct object of this work, we 
know of no book of designs of the steam engine produced in 
England that we should prefer to this, as a model drawing 
book to the student of engineer draughtsmanship. — Practical 
Mechanic's Journal, Deicemher \st, 1864, 



EULES FOE DESIGNING, CONSTEUCTING, AND 
EEJICTING LAND AND MAEINE ENGINES AND 
BOILEES. 

" Mr. Burgh's * Practical Eules for Land and Marine En- 
gines.' — We learn from it what dimensions Mr. Burgh adopts 
in his own practice, and considers satisfactory ; and we have 
no doubt whatever that engines so proportioned would give 
fair, or possibly excellent results. It is, perhaps, weU to know 
exactly what a clever engineer who has had much experience 
thinks on certain points, and thus, when Mr, Burgh tells his 
readers that a particular crank shaft should be 12in. in dia- 
meter, if we set any store by the authority, we feel that we 
shall not go very far wrong in using a shaft of precisely 
similar dimensions. Unfortunately, however, engineers still 
abound who cannot go alone, and to such individuals we can 
safely recommend Mr. Burgh as a guide. We have gone over 
his book rather carefully, and we have found that, with a very 
few exceptions, the rules it contains are substantially as cor- 
rect as such things can be." — Engineer , January 20th, 1865. 

" It contains nothing but rules for the dimensions of parts 
of steam engines. It appears to have been well digested and 
carefully got up. We have gone over several of the rules, 
and, as far as we can decide from a somewhat cursory exam- 
ination, they are correct and useful. We can honestly recom- 
mend this as being perhaps one of the best of its kind." — 
Mechanic's Magazine^ September l^th, 1864. 

** We have just seen the capital little pocket book of cut 
and dry information for practical men engaged in the design 
of engines, produced this month by Mr. Burgh. Glancing 
through its pages, which we do not pretend however to have 
collated with an eye to possible errors, it appears to us lucidly 
and well compiled, and by the hand of a man obviously weU 
practiced in preparing engine designs that have to be worked 
by, and in which therefore no discrepancies or disproportions 
can pass muster. This little text book fulfils probably quite 
as much as any work of the sort, which deals only with results, 
and will no doubt be of use to foremen, leading workmen, 
draughtsmen, pattern makers, and acolyte mechanical engi- 
neers," — Practical Mechanic's Journal, December \st, 1864. 
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Ancient Alphabets. 

The Book of Ornamental Alphabets, Ancient and 
Mediaeval, from the Eighth Century, with N'u- 
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small), German, Italian, Arabesque, Initials for 
Illumination, &c., &c., for the use of Architectural 
and Engineering Draughtsmen, Illuminators, 
Masons, Decorative Painters, Lithographers, 
Engravers, Carvers, &c., &c., drawn and engraved 
by F. Delamotte, fifth edition, with ad(Htion8, 
royal 8vo, oblong, cloth, 4s. 

Architect & Surveyors' Handbook. 

A handbook for Architectural Surveyors and 
others engaged in building, by J. T. Hurst, C.E., 
containing formulsB useful in designing Builders' 
work, tables of the weighte of the materials used 
in Building, memoranda connected with builders' 
work, mensuration, the practice of builders, 
measurement, constants of labour, valuation of 
property, summary of the practice in dilapidations, 
and a scale of professional charges for Architectural 
surveyors, &c., &c., royal 32mo, roan, 5s. 

Brewing. 

Instructions for making Ale or Beer in all tempe- 
ratures, especially adapted for Tropical Climates, 
by John Beadel, on a sheet, 6d. 
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Ohannel Railway (The). 

Connecting England and France, by James Chal- 
mers, plates^ royal 8vo, cloth, 3s. 6d. 

Oottage Residences. 

Downing's (A. J.) Cottage Residences, or a series 
of designs for Rural Cottages and Cottage Villas, 
illustrated ly numerous er^ravings, fourth edition, 
8vo, cloth, 12s, 

Cottages. 

Vaux's Cottages and Villas, new edition, revised 
and enlarged, n,umerou^ engravings^ royal 8vo, 
cloth, 12s. 6d. 

Cottages. 

Designs for Schools, Cottages, and Parsonage 
Houses for Rural Districts, by H. Weaver, folio, 
half-bound, 7s. 6d. 

Chocolate and Cocoa. 

Cocoa; its Growth and Culture, Manufacture, 
and Modes of Preparation for the Table, Illustrated 
with ingravingSy accompanied by easy methods of 
analysis, whereby its purity may be ascertained, 
by Charles Hewett, post Bvo, price Is. 

Coffee and Chicory. 

Coffee and Chicory; their Culture, Chemical 
Composition, Preparation for Market, and Con- 
sumption, with simple tests for detecting adultera- 
tion, and practical hints for the producer and 
consumer, by P. L. Simmonds, F.S.S., Author of 
"The Commercial Products of the Vegetable 
Kingdom," " Dictionary of Products," &c. &c. &c. 
post Bvo, sewed. Is. 

Cotton Cultivation. 

Cotton Cultivation in its various details, the 

Barrage of Great Rivers, and Instructions for 

Irrigating, Embanking, Draining, and Tilling Land 

in Tropical and other Countries possessing high 

fiermometric temperatures, especially adapted to 

the improvements of the cuLtaral soils of India, 

bjr Joseph Gibbs, Member Xnstitv^te^CV^ai'Eia^^^T^^ 

u^iYA 5 plates, crown 8vo, clo\Si, Is. ^. 



E. & F. N. Spoy, 16, BuCSXEBSBTTBTi LONDOX. 

Cotton Supply. 

Considerations relative to Cotton Supply as it was, 
as it is, and as it might be, by Joseph Gibbs, 
!M!ember Institute Civil !^gineers, 8vo, sewed, Is. 

Earthwork Tables. 

A general Sheet Table for facilitating the Calcu- 
lation of Earthworks for Railways, Canals, &c., 
by F, Bashforth, M.A., on a large sheet, 6d. 

Earthwork Tables. 

A general Table for facilitating the Calculation of 
Earthworks for Railways, Canals, &c., with a 
Table of Proportional Parts, by Francis Bashforth, 
M.A., Fellow of St. John's College, Cambridge, in 
8vo, cloth, with mahogany sHde, 4s. 

" This little volume should become the hand-book of every person 
whose duties require even occasional calculations of this nature; 
were it only that it is more extensively applicable than -any other in 
existence, we could cordially recommend it to our readers, but when 
they learn that the use of it involves only half the labour of all 
other Tables constituted for the same purpose, we offer the strongest 
of all recommendations, that founded on the value of time."— 
Mechanics' Magazine, 

Electricity. 

Memorials, Scientific and Literary, of Andrew 
Cross, the Electrician, 12mo, cloth, 3s. 6d. 

Electricity. 

A Treatise on the Principles of Electrical Accu- 
mulation and Conduction, by F. C. "Webb, Associate 
Institute Civil Engineers, part I., crown 8vo, 
cloth, 3s. 6d. 

Electro-Metallurgy. 

Contributions towards a History of Electro- 
Metallurgy, establishing the Origin of the Art, by 
Henry Dircks, crown 8vo, cloth, 4s. 

Engineers' Pocket-Book. 

A Pocket-Book of useful FormulsB and MeiaQr8XLd& 
for Civil and MecliametiliL 'E4TL^'&««^^\ii ^^ess^S^^s^ 
I. Molesworth, "MLemb^i l3^\jo.\ft^\x^'^a^^B^^^ 
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Chief Resident Engineer Ceylon Railway, eighth 
edition, revised and improved, 32mo, roan, 4s. 6d. 

"Mr. Moleswortli has done the profession a considerable and 
lasting benefit by publishing his very excellent Pocket-Book of 
Engineering Fomniim. What strikes us first, is, the very convenient 
size and form of the book adopted by the author, and next, in 
glancing over its contents, we are pleased to find many really useful 
things not found elsewhere in any Engineering Pocket-Book. 
Mr. Molesworth's treatment of Hydraulics and Hydro-Dynamics, 
and Motive Power, generally, is excellent. To the latter branch 
of his subject, Mr. Moleswortli has evidently devoted considerable 
attention, and his collection of formulae will be found most useful. 
But to stop to detail everything that is good and useful in this book, 
would be nearly equal to reprinting a list of its contents."— 
Artizan, April, 1863. 

Engineers' Price Book. 

Appleby's Illustrated Handbook and Prices current 
of Machinery and Iron Work, with various useful 
Tables of Reference, compiled for the use of 
Engineers, Contractors, Builders, British and 
Foreign Merchants, &e., 8Vo, cloth, 2s. 6d. 

French Oathedrals. 

French Cathedrals, by B. "Winkles, from drawings 
taken on the spot, by II. Garland, Architect, with 
an historical and descriptive account, 50 plates^ 
4to, cloth, 18s. 

Oas. 

The Gas Works of London, by Zerah Colbum, C.E. 
Member Institute Civil Engineers, &c. Contents : 
Sketch of the Gas Works of London, Process of 
Manufacture, Quantity produced, and Cost, Profits, 
&c. Crown Bvo, boards. Is. 6d. 

Oold-Bearing Strata. 

On the Gold-bearing Strata of Merionethshire, by 
T. A. Keadwin, E.G.S., 8vo, sewed, 6d. 

Heat. 

An enquiry into the iNTature of Heat, and into its 
Mode of Action in the Phaenomena of Combustion, 
Vaporisation, &c., by Zerah Colbum, 8vo, boards, 
2s. 

Hydraulics. 

Tredgold's Tracts on Hydraulics, containing 
Smeaton's experimental Papers on the Power of 
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Water and Wind to turn Mills, &c., &c , Venturi's 
Experiments on the Motion of Fluids, and Dr. 
Young's Summary of Practiicar Hydraulics,- ^fo^w, 
royal 8vo, boards, reduced to 6s. 

Illumination. 

A Primer of the Art of Illumination, for the use 
of beginners, with a rudimentary treatise on the 
art, practical directions for its exercise, and ex- 
amples taken from Illuminated MSS. in gold and 
colours, by E. Delamotte, small 4to, cloth gilt, 9s. 

"Modestly called a Primer, tiiis little book has a good title to 
be esteemed a manual and guide-book in the study and practice of 
the different styles of ornamental lettering used by the artistic 
ti'anscribers of past centuries. . . . An amateur may, with this 
silent preceptor, learn the whole art and mystery of illumination."— 
Spectator. 

Illmnination Initials. 

Mediaeval Alphabets and Initials for Illuminators, 
by E. G. Delamotte, with an Introduction by 
J. Willis Brooks, printed in gold and colours, 
small 4to, cloth gilt, 6s. 

Iron Bridges. 

A complete Treatise on Cast and Wrought Iron 
Bridge Construction, including Iron Eoundations, 
in three parts, theoretical, practical, and desaip- 
tive, by William Humber, Associate Institute Civil 
Engineers, and Member of the Institution of 
Mechanical Engineers, 2 vols, imperial 4to, con- 
taining 80 double plates, and 200 pages of text, an 
entirely new work, £6 16s. 6d. 

Iron Bridges. 

Diagrams to facilitate tte Calculation of Iron 
Bridges, by Erancis Camj&, C.E., folded in 4to, 
wrapper, 2s. 6d. 

Iron Bridges. 

A practical Treatise on Caafe and Wrought Iron 
Bridges and Girders as applied to Railway Struc- 
tures and to Buildings generally, with numerous 
examples drawn to a W^^a ^^^^^^ ^'(^<5i^\fc^^<3as.*^fe&k 
Public Works oi tii^ mo^fe ^sis^i5asS;,^£ai^^^^^^ 
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58 full page plates^ by "William Humber, Associate 
Institute Civil Engineers, and Member of the 
Institution of Mechanical Engineers, imperial 4to, 
half-bound in morocco, £1 16s. 
"Mr. Humber's admirable work on Iron Bridges."— jTAc Thnes. 

Iron Manufacture. 

The Iron Manufacture of Great Britain, Theo- 
retically and Practically Considered ; including 
Descriptive Details of the Ores, Fuels, and Fluxes 
employed ; the Preliminary Operation of Calcina- 
tion ; the Blast, Befining, and Puddling Furnaces ; 
Engines and Machinery; and the various Processes 
in Union, &c., by William Truran, C.E., formerly 
Engineer at the Dowlais Iron Works, under the 
late Sir John Guest, Bart., subsequently at the 
Hirwain and Forest Works, under Mr. Crawshay, 
third edition (reprinted from the second) by J. 
Arthur Phillips, Author of "A Manual of Metal- 
lurgy," "Becords of Mining," &c., and W. H. 
Dorman, C.E., royal 4to, half morocco, illustrated hy 
S^ plates of Furnaces and Machmery, £2 2s. 

" Mr. Truran's work is really the only one deserving the name 
of a treatise upon and text-book of the Iron Manufacture of the 
Kingdom. It gives a most comprehensive and minute exposition of 
present practice, if the term may be applied to Iron Manufacture 
as distinguished from strictly professional subjects. The author 
does not go out of his way to theorise upon how Iron should or may 
be made, but he describes how it is made in all the Iron Districts of 
the Kingdom." — Engineer-, December 26, 1862. 

" It has seldom fallen to our lot to introduce to the notice of tho 
scientific public a more raluable work than this. It is evidently 
the result of long, careful, and practical obser\'ation, and it forms at 
once a glorious monument to the memory of its author, and an 
excellent guide to those •who are directly or indirectly interested in 
the great subject of which it treats." — Mechanics* Magazine, Sept. 
26, 1862. 

Jonathan Hulls. 

A description and draught of a new invented 
Machine for carrying "Vessels or Ships out of or 
into any Harbour, Port, or lUrer, against Wind 
and Tide, or in a Calm, by Jonathan Hulls, 1737, 
reprint in fac-simile, 12mo, half-morocco, reduced 
to 2s.| sewed Is. 



£. & JE*. K. Sfon, 16| BucitLEBSBUiiYi London. 

Locks and Safes. 

A Treatise on Fire and Thief-proof Depositories, 
and Locks and Keys, by George rrice, in one large 
Tol. (916 pages), with numerou9 wood engraoingB^ 
8yo, cloth gilt, 5s. 

Marine Steam Engine. 

A Catechism of the Marine Steam Engine, for 
the nse of young Kaval Officers and otiiers, by 
Thomas Miller, Captain, R.N., F.R.G.S., F.S.A., 
12mo, cloth, 2s. 

Mechanical Drawing. 

An elementary Treatise on Orthographic Frojeotion, 
being a new method of teaching the Science of 
Mechanical and Engineering Drawing, intended 
for the instruction of Engineers, Architects, 
Builders, Smiths, Masons, and Bricklayers, and for 
the use of Schools, with numerous illustrations on 
wood and steel, by William Binns, Associate Insti* 
tute Civil Engineers, late Master of the Mechanical 
• Drawing Class at the Department of Science and 
Art, and at the School of Mines, formerly Frofessor 
of Applied Mechanics at the College for CivU 
. Engineers, &c., fourth edition, 8vo, cloth, 9s. ltt:« 
Binns' system of Mechanical Drawing is in suO« 
cessful operation in all the Art Schools of the 
United Ejngdom. 
" Mr. Binns has treated his subject in a practical and maateriy 
manner, avoiding theoretical disquisitions on the art, and giving 
direct and applicable examples, advancing pro^^ressively from the 
correct orthographic projection of the most simple to the most 
complex forms, thus clearing away the mist from the mind of the 
student, and leading him gradually to a correct^nd thorough appre- 
ciation of what he has undertaken, and to that which it is his desire 
to attain." —T/ie Artizan. 

Mechanics for Practical Men. 

Treatise on the Composition and Reso],ut(qii of 
Forces, the Centre of Gravity, and the H^awoftt 
Powers, by Alex. Jamieson, LL.D., fhi^f 8t0| 

cloth, 6s. 

Memoirs of Scientific Men. 

Memoirs of the Distingoishcd Men of Science of 
Great Britrain, living ad. 1807-8, by W. Widker, 
Jun., with on Introduction by Bobert Hunt^ F.&S. 
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second edition, revised and enlarged, containing 
the Lives of Watt, Rennie, TeKord, Mylne, Jessop, 
Chapman, Murdock, the first to introduce gas into 
practical use ; Rumford, Huddart, Boulton, Brunei, 
Watson, Bentham, Maudslay, Dalton, Cavendish, 
Sir Humphry Davy, Wollaston, Hatchet, Henry, 
Allen, Howard, Smith, the father of English Geo- 
logy ; Crompton, inventor of the Spinning Mule ; 
Cartwright, Tennant, Ronalds, the first to success- 
fully pass an electric telegraph message through a 
long distance ; Charles Earl Stanhope, Trevithick, 
Nasmyth, Miller, of Dalswinton, and Symington, 
the inventors and constructors of the first practical 
Steam Boat; Professor Thomson, of Glasgow; 
Troughton, Donkin, Congreve, Herschel, Maske- 
lyne, Baily, Frodsham, Leslie, Playfair, Rutherford, 
iDollond, Brown the Botanist ; Gilbert and Banks, 
the Presidents of the Royal Society at that epoch 
of time ; Captain Eater, celebrated for his pendu- 
lum experiments ; Dr. Thomas Young, and Jenner, 
the benefactor of mankind; Jas. Ivory, Dr. Priestly, 
and Cort, the Father of the Iron Trade ; post 8vo, 
cloth, 3s. 6d. 



Mining. 



A Practical Treatise on Mine Engineering, by 
G. C, Qreenwell, 61 plates, royal 4to, half-bound, 
£2 15s. 

Mining. 

Records of Mining and Metallurgy, or Pacts and 
Memoranda for the use of the Mine Agent and 
Smelter, by J. Arthur Phillips and John Dar- 
lington, in crown 8vo, cloth, illustrated ly wood 
engravings, by P. Delamotte, reduced to 4s., in 
boards, 3s. 

Mining. 

A Treatise on the Ventilation of Coal Mines, to- 
gether with a Narrative of Scenes and Incidents 
in the Life of a Working Miner, by Robert Scott, 
8ro, sewed, Is, 
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Millwrights' Guide. 

The Practical Millwrights and Engineers' Ready 
Reckoner; or, Tables for Finding the Diameter 
and Power of Cogwheels, &c. &c , by Thos. Dixon, 
12mo, cloth, 3s. 

Modem Alphabets. 

Examples of Modem Alphabets, plain and orna- 
mental, including German, Old English, Saxon, 
Italic, Perspective, Greek, Hebrew, Court Hand, 
Engrossing, Tuscan, Riband, Gothic, Rustic, and 
Arabesque, with several original designs, and an 
analysis of the Roman and Old English Alphabets, 
for the use of Draughtsmen, Masons, Decorative 
Painters, Lithogrjjiphers, Engravers, Carvers, 
Schools, &c., collected and engraved by F. Dela- 
motte, royal 8vo, oblong, cloth, 4s. 

** To artists of all classes, but more especially to architects and 
engravers, this very handsome book will bo mYixLmble,** '-'Standard, 

Modem Engineering. 

A Record of the progress of Modem Engineering, 
comprising Civil, Mechanical, Marine, Hydraulic, 
Railway Bridge, and other Engineering "Works, 
with Essays and Reviews, edited by W. Humbcr, 
Associate Institute Civil Engineers, and Member 
of the Institution of Mechanical Engineers, for 
1863, imperial 4to, half morocco, £3 38. 

Do. do. for 1864, half morocco^ £3 38. 

Oblique Bridges. 

A practical Treatise on the Construction of Oblique 
Bridges, with spiral and with equilibrated courses, 
with 12 plates, containing 100 figures, by Francis 
Bashforth, M.A., Fellow of St. John's College, 
Cambridge, 8vo, cloth, 6s. 

Ornament. 

The Book of Ornaments of every style, applicable 
to Art and Industry, for the use of lithographers, 
Engravers, Silversmiths, Decoratorsy and other 
Art Workmen^ by Jos. Scheideli 6 \»si3Dc^^y99D^ ^ 
is. 6d. each. 
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Ornament. 

Gleanings from Ornamental Art of every style, 
drawn from examples in the British, South 
Kensington, Indian, Crystal Palace, and other 
Museums, the Exhibitions of 1851 and 1862, and 
the best English and Foreign Works, in a series 
of 100 plates f containing many hundred examples, 
by R. Newberry, 4to, cloth, 30s. 

Perpetual Motion. 

Perpetuum Mobile, or Search for Self-motive 
Power during the 17th, 18th, and 19th Centuries, 
illustrated from various authentic sources in 
papers, essays, letters, paragraphs, and numerous 
patent specifications, with an Introductory Essay 
by Henry Dircks, C.E., with numerous engravings 
of machines^ crown 8vo, cloth, 10s. 6d. 

" A curious and interesting work. Mr. Dircks* chief purpose was 
to collect together all the materials requisite to form a record of 
what has been done, or attempted; rather, in this curious branch of 
quasi science, and most instructive in one sense it is. Mr. Dircks' 
volume is well worth looking into ; it contains a vast deal of enter- 
taining msA^i''— Builder, 

'Railways. 

Holley's (A. L ) American and European Pailway 
Practice, in the 'economical generation of Steam, 
including the materials and construction of coal- 
burning, boilers, &c., and the adaptation of wood 
and coke-burning engines to coal-burning, and in . 
permanent way, &c., 77 plates, imp. 4to, cloth, Mte2-A/^ 

Railways. / 

Eailway Practice ; a collection of working plans 
and practical details of construction in the Public 
Works of the most celebrated Engineers, com- 
prising Eoads, Tramroads and Railways, Bridges, 
Aqueducts, Yiaducts, Whaifs, Warehouses, Poofs 
and Sheds, Canals, Locks, Sluices, and the various 
Piers and Jetties, Tunnels, Cuttings, and Embank- 
ments, Works connected with the Drainage of 
Marshes, Marine Sands, and the Irrigation of 
Land, Water Works, Gas Works, Water Wheels, 
Mills, Engines, i&c., by S. C. Brees, C.E. Text in 
4to, with 279 plates in folio, together 2 vols, half 
bound morocco, £3 10s. 
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Railway Masonry. 

The Guide to Railway Masonry, containing a 
complete Treatise on the Oblique Arch, by Peter 
Mcholson, third edition, revised by R. Co wen, 
C.E., with ^2 plates, 8vo, cloth, 9s. 

Screw Cutting. 

Screw Cutting Tables for the use of Mechanical 
Engineers, showing the proper arrangement of 
Wheels for cutting the threads of screws of any 
required pitch, with a Table for making the Uni- 
versal Gas Pipe Threads and Taps, by W. A. 
Martin, Engineer, royal 8vo, oblong, cloth, Is., 
sewed, 6d. 

Screw Propeller, 

The Screw Propeller, what it is, and what it ought 
to be, by R. Griffith, 8vo, sewed, 6d. 

Sewing Machine. 

The Sewing Machine : its History, Construction, 
and Application, translated from iiie German of 
Dr. Herzberg, by TTpfield Green, illustrated hy 7 
la/rge lithographic plates, royal Svo, ornamental 
boards, 7s. 6d. 

Shop Fronts. 

Delassaux and EUiott's Street Architecture : a 
series of Shop Fronts and Fagades characteristic 
of and adapted to different branches of commerce, 
22 steel plates, folio, boards, 12s. 6d. 

Society ofEngineers. 

Transaction of the Society of Engineers, 1860 to 
1862, plates, 12mo, cloth, 8s. 6d. The volume for 
1863 just ready, cloth, lOs. 6d. 
The volume for 1864, 8vo, cloth, now ready. 

Specifications. 

Practical Specifications of Works executed in 
Architecture, Civil and Mechanical Engineering, 
and in Road Making and Sewering; to which 
are added a series of practically useful Agree- 
ments and Reports, with \S folding plates, by John 
Blenkard, 8vo, cloth, 18s. 
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Stostm. 

Eeed's (E. J.) "New Theory of the Generation of 
Steam, with an explanation of the Geysers of 
Iceland, 8vo, sewed, 6d. 

Steam Boilers. 

Treatise on the Marine Boilers of the United 
States, by B. H. Bartol, plates, 8vo, cloth, 7s. 6d, 

Steam Boilers. 

The Modem Practice of Boiler Engineering, con- 
taining observations on the Construction of Steam 
Boilers, and remarks upon Furnaces used for 
Smoke Prevention, with a chapter on Explosions, 
by Robert Armstrong, C.E., revised, with the 
addition of Notes and an Introduction, by John 
Bourne, Esq., totth engra/oingsy fcap. 8vo, cloth, 2s. 

" The collected experience of a practical engineer, who, for thii-ty 
years of his life, has directed his attention to the construction of 
Steam Boilers and Furnaces, is a valuahle addition to the stock of 
Engineering knowledge, and it will be generally more appreciated 
because it is condensed within so small a volume as the one 
before us." — Civil Engineer and Architects^ Journal. 

Steam Boilers. 

steam Boiler Explosions, by Zerah Colburn, 8vo, 
sewed, Is. 

Steam Engine. 

Lessons and practical notes on Steam, the Steam 
Engine, Propellers, &c., &c., for Young Engineers, 
Students, and others, by the late "W. H. King, 
U.S.iN"., ninth edition, ctits, 8vo, cloth, 9s. 

Steam Engine. 

Practical Illustrations of Land and Marine Engines, 
shewing in detail the modem improvements of 
High and Low Pressure, Surface Condensation, 
and Super-heating, together with Land and Marine 
. Boilers, by N. P. Burgh, Engineer, 20 plates in 
double elephant, folio, cloth, with Text, £2 2s. 

Steam Engine. 

Rules for Designing, Constructing, and Erecting 
Land and Marine Engines and "Bo^eta, b^ N. P. 
JBurgh, Engineer, royaL 32mo, to«xi> 4^. ^^. 
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Steam Navigation. 

High-speed Steam Navigation and Steamship Per- 
fection— Can perfection be defined in the fonn of a 
Steamship, a Propeller, or any other mechanical 
contrivance? a proposition for the solution of 
the Scientific "World, and for the consideration of 
the British Admiralty, by Eobert Armstrong, of 
Poplar, 8vo, sewed, Is. 

» 

Sugar Machinery. 

A Treatise on Sugar Machinery, by N. P. Burgh, 
Engineer, %oith 16 plates^ drawn to a large scaU^ 
royal 4to, cloth, 30s. 

Survesring. 

An Introduction to the present practice of Survey- 
ing and Levelling, being a plain explanation of 
the subject and of the instruments employed, 
illtistrated with suitahU plans^ sections, and 
diagrams, also with engravings of the Meld InstrU' 
mentsj by S. C. Brees, C.E., 8vo, cloth, 3s. 6d. 

Surveying. 

A practical Treatise on the science of Land and 
Engineering Surveying, Levelling, Estimating 
Quantities, &c., with a general description of the 
several Instruments required for Surveying, 
Levelling, Plotting, &c., with Illustrations and 
Tables, by H. 8. Merrett, royal 8vo, cloth, 16s. 

Teeth of Wheels. 

Camus (M) Treatise on the Teeth of Wheels, de- 
monstrating the best forms which can be given to 
them for the purposes of Machinery, such as Mill 
work and Clock work, and the art of finding their 
numbers, translated from the French, new edition, 
carefully revised and enlarged, with details of the 
present practice of Millwrights, Engine Makers, 
and other Machinists, by Isaac Hawkins, illustrated 
hy \^ plates, 8vo, cloth, 5s. (pub. 12s.) 
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Turbine. 



A Practical Treatise on the construction of the 
Turbine, or Horizontal "Water-wheel, with seven 
plates J specially designed for the use of operative 
Mechanics, by William Cullen, Millwright and 
Engineer, 4 to, sewed, 6s. 

Turning. 

Turners* and Fitters* Pocket-Book for calculating 
the change wheels for screws on a Turning Lathe, 
and for a Wheel-cutting Machine, by J. La Nicca, 
18mo, sewed, 6d. 

Turning. 

The practice of Hand-turning in Wood, Ivory, 
Shell, &c., with Instructions for turning such 
works in Metal as may be required in the practice 
of Turning in Wood, Ivory, &c., also an Appendix 
on Ornamental Turning, by Francis Campin, with 
wood engravings^ crown 8vo, cloth, 6s. 

Wage Table. 

Delany and Okes' Wage Table for Engineers, 
Shipbuilders, Contractors, Builders, &c., from one- 
quarter of an hour in regular progression to nine 
and three-quarter hours, from one day to ten days, 
at one shilling to eight shillings per day, on one 
sheet. Is. 

Warming and Ventilating. 

Bernan's (W.) History and Art of Warming and 
Ventilating Booms and Buildings by Open Fires, 
Hypocausts, German, Dutch, Russian, and Swedish 
Stoves, Steam, Hot Water, Heated Air, Heat of 
Animds, and other Methods, &c., by W. Beman, 
243 engravings^ 2 vols in 1, 12mo, cloth, Is. 6d. 

Yacht Building. 

Marett*s (P.R.) Yachts and Yacht Building, being 
a treatise on the construction of Yachts, and other 

matters relating to Yaclitin», 10 large foXAiug -pUteg^ 

8vo, clotb, 6s. 
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EXPERIMENTAL RESEAECHES 

IN 

STEAM ENGINEEEING, 

By B. F. ISHERWOOD, 

Chief Ungineer U.S. Navy^ Chief of the Bureau of Steam 
Engineering Navy Department. 

Made principally to aid in ascertaining the Comparative 
Economic Efficiency of Steam used with different mea- 
sures of Expansions, and the Absolute Cost of the Power 
obtained therefrom in Weights of Fuel and Steam ; the 
Causes and Quantities of the Condensations in the 
Cylinder; the Economic Effect of Steam Jacketing, and 
Steam Superheating, and of various proportions of Cylin- 
der Capacity for the same weight of Steam used per 
stroke of Piston ; the Economic and Absolute Evaporative 
Efficiences of Boilers of different types and proportions; 
the Comparative Calorific Values of different Coals as 
Steam Generators ; the Performances of United States' 
War Screw Steamers, &c., &c. ; the whole being original 
matter composed of extensive Experiments made by the 
U.S. Navy Department. 

VoL 1 (all ptibliahedj 4^0, halfmoroccoy neat, £2 58. 

In 2 vols.f royal Svo, half morocco, neat, price £2 10a. 

AFFLETON'S 

DICTIOMEY OF MACHINES, 

MECHANICS, ENGINE-WORK, & ENfilNEERINO, 

WITH 

4000 ENGRAVINGS ON WOOD, AND MANY 
STEEL PLATES. 

EDITED BY OLIVER BYRNE. 

SECOND BJDITIOIT. 
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Just PubHshed, Elephant Folio, Cloth, Price £2 2s. 

PRACTICAL ILLUSTRATIONS OP 

LAND AND MARINE ENGINES, shewing in de- 
tail the Modem Improvements in High and Low Pressing, 
Surfjice Condensation, Superheating, together with Land and Marine 
Boilera. By N. P. BUEGH, Engineer. 

LIST OF PLATES. 



Plate 1 . High Pressure Steam Engine, 
12 H.P.J Scale li.in.= l foot; 3 
Views. 
Plate 2. Details of High Pressure En- 
gine, 12 H.P. ; Scale 8-in.= 1 foot. 
Cylinder.Piston, Slide Casing, Slide 
Valve and Rod, Connecting Rod, Pis- 
ton Rod and Guide Block, Eccentric 
and Band, Slide Connecting Rod, Dis- 
eQgagingSocket,EccentricRod, Weigh 
Shaft, Lever Stud Bracket, Slide and 
Pump Levers, Main Lever, Starting 
Handle, Ball Governor, in detail, 
Governor Standard and Pully. 
Plate 8. Details of High Pressure En- 
gine, 12 H.P. ; Scale 8-in.^ 1 foot. 
Main Framing, Fly-AVheel, Crank 
and Shaft, Feed Pump, Disengaging 
Socket,Llnk and Pin,Govemor, Mitre 
Gear, Holding down Bolts, Studs, 
Plates, &c. &c. 

Plated Details of High Pressure En- 
gine, 12 H.P. ; Half-size. 
Peed Pump, Valves and Box, Relief 
Valve, Safety Valve, Starting and Go- 
vernor Valves, Engine Feed Cock, 
BoUer Front Doors, Fire Bars, and 
Supports. 
Plate 5. Boiler and Settings, 12 H.P. ; 

Scale J-in.= 1 foot ; 4 Views. 
Plate 6. Patent Antifriction Trunk 
Engine, 6 H.P. Invented by the 
Author, Burgh and Cowan's Patent. 
Arrangement, 4 Views ; Scale Ij^-in. 
= 1 foot; Details— Scale, 3-in.= 
1 foot. 

Cylinder, Slide Valve and Casing, 
Piston Covers andTrunks.PistonRod 
aud Guide Rod.Connecting Rod, Main 
Framing, Fly-Wheel, Governor and 
Levers, Eccentric Rods and Strap, 
S^aft and Discs, Starting Handle, 
Feed Pump, and Plunger. 

MARINE ENGINES. 

Plitel. Marine Engine,Direct Acting 
for the Screw Propeller, 400 H.P. 
Collectively; Scale |-in. =1 foot; 
7 Views. 

Plate 8. Details of One Marine En- 
gine, 200 HP. ; Condenser and Air 
Pump, Feed and Bilge Pumps, Cy- 
linder, Equilibrium Slide Valve and 
Casing, Main Frame, Connecting 
Rod,— Scale 2.in. = lfoot; Guide 
Block and Cross-head- Scale 2-in. 
^Ifoot; Discharge and Suction 
Valves for Air Pump, 8-in = 1 foot. 



Plate 9. Details of One Marine En- 
gine, 200 H.P. 

Eccentrics and Straps, Solid Valve 
Link and Block, Slide Valve Rod and 
Guide, Blow Through Valve, Shifting 
Valve, Relief Valve, Bilge and Feed 
Pump Valves Spur Wheel for Expan- 
sion Gear, Kingston and Injection 
Valves,— Scale 8-in.= 1 foot ; Crank 
Shaft-Scale li-in.= 1 foot. 
Plate 10. Details of One Marine En- 
gine, 200 H.P. ; Scale 8.in.= 1 foot. 
Air Valves for Air Pumps, Steam 
Piston, Injection Pipe, Air Pump 
Plunger, Air, Feed, and Bilge Pump 
Rods, Blow Through Valve for Con- 
denser, Bracket for Reversing Gear, 
Drain Cock and Handle for Condenser 
Plate 11. Scale 3-m.= 1 foot ; Expan- 
sion Valve Gear, Throttle Valve, 
and end of Thrust Shaft for Marine 
Engine, 200 H.P. 
Plate 12. Oscillating Engines for the 
Paddle Wheel, 150 H.P. Collec- 
tively ; Scale 1-in. =1 foot ; 7 Views 
Plate 18. Paddle Feathering Wheel, 
75 H.P.- Scale 1-in. = 1 foot; 2 
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Plate 14." Details of Paddle Wheel, 
75 H.P. 
Paddle Centre, Plummer Block, 

Eccentric Shaft and Bracket Lever 

Arms, Rings, Stays, Rods, Bolts and 

Pins, Float Clamps, Arm Stays and 

Floats,— Scale 8-in.= 1 foot. 

Plate 15. Griffith Patent Screw Pro- 
peller, with Lifting Frame. Scale 
l^-in.= 1 foot ; 5 Views. 

Plate 16. Arrangement of a Pair of 
Marine Steam Engines of 900 H.P., 
for the Imperial Ottoman Iron- 
Clad Frigate, "Sultan Mahmoud," 
constructed by Ravenhill, Salkeld, 
& Co., London, 1864. Scale j^-in. 
'=1 foot. 

Plate 17. Marine Boiler, with Super- 
heating Tubes, Scale l-in.=l foot ; 
6 Views. 

Plate 18. Ordinary Condenser and 
Air Pump for Screw Marine Engine, 
200 H.P., and Oscillating Paddle 
Engine, 75 H.P. ; 8 Views. 

Plate 19. Surface Condenser, 200 
H.P. — Scale li^-m.^ 1 foot; 4 
Views, 

Plate 20. General Arransrement of 
Engines, Boilers, Shafting and 
Screw for a Despatch Boat, 100 
H.P. Scale J^-in. =1 foot ; 5 Views. 
N.B,—The Detailed Plates have the dimensions fully given. 
Also by the same Author, Royal 82mo, roan, price 4s. 6d. 
RULES FOR DESIGNING, CONSTRUCTING, AND ERECTING LAND 
AND MARINE ENGINES AND BOILERS. 

London: £• & F. N. SFON, Bucklerabury. 
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